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PREFACE 


(SEWN# EDITION) 

* , 

The practical plane geometry is suited for school 
course and it has been treated in part I of this book. Part 
II contains projections, sections, developments of surfaces, 
isometric projection (a particular case of ordinary projection), 
descriptive geometry or, practical solid* geometry', inter-« 
penetration of solids and cast shadows and line of separfftijm 
of light and shade 

* *1 have arranged the different subject* of practical -solid 
geometry in su*h, a way,, as to make them intelligiblo anjl 
easier for Indian students to understand without help from 
teachers. I have omitted the • higher - parts of descriptive" 
geometry which are too obstruse, for ordinary students. 
Some of the problems in this book have been compiled from 
other standard books on the subject and some new problems 
have been added which I found useful to the ‘student 
during my long experience in the tetching of th# subjects, 

I have tried to make the book concise, and at the spme 
time useful to the students. I shaft be grateful, to the 
leathers and other 'readers of ‘this book if they veil! kindly 
poinj ou&ftoy mistake opomiKsion in the book. I shall also 
gratefully deceive all suggestions for its improvement. * ’ 

3.- IJASU. 


, SlBPUR, 
xith April, li 




CONSENTS. - * 

PROJECTION OR SOLID GEOMETRY. 


Chapter* I. 


' f v 
■ \-* s 


, KlCVV 
.'f.N v A 

Projection, as differ from linear drawing. --... 

Difference between puref solid geometry and practical solid* 
geometry. ... 

Planes of projection. ... * ... ... ... 

Plan and elevation. 

Rules of projection. ... ... ... 

Simple projection. ... ... , ... 

Simple rules of finding the plan and elevation of an object 
when it is oblique. ... ... r... ... 

Problems. • 


r 

i 

■ i 
-1 
i 


Project a cube, resting on one edge, base making angle with 

• t|je H. .. ... ... , ... ... , 4 

Project a cube, base inclined to the H, P. and its vertical faces 
inclined to the V. P. *»< ... ... ... $ 

Project a cube, resting on one corper, and making angles with 

the 3 planes ... ... o .... ... 6‘ 

Project a cubw > when it is placed so that a solid diagodalis, 
vertical. ... ... m ... .... 6 

Project a triangular prism. ... ..P ... ... 8 

Project a regular pentagonal prism lying on one face on the 
ground. a ... ,... ... ... . 

Project a regular hexagonal prism. ••• • ... , _ Sv». !» 

Plan and elevation of a square pyramid lying on one of its 
triangular face on ground. ... . .* * ...*' to 

Draw plan and elevation of a circle ... * ... . *12 

* in another position. , • ... ... , ... isf 

” jfcen the circular mine ft * inclined at comple-w , 
nlentary angle* to the,two planes ... ... ..t ij 

Project a cylinder. "... ... < ... * .*■ tj 

Project a cjne. _ ~ ... .a* , ... 14 

’’ lying on its slant face 

Mfect a rectangular box without a lid: ... • ... 10 

Plan god elevation of a line inclined 3^to the H. P. and*the 

plan of the line makes 45“ wfth the V. Pw ? ... , ... 17 

ditto, whetb the line it inclined 45’ with they. P. and yr with 
theH. P. «... • / ... .... ... ,..f 1T 

The same in another oosition. ... * *, ... « iS 

A line la given by' its plan and elevation find the shortest 
distaacf of the line trpm XV. ... J8 

Projections of t line iocfifled »’ with tks H. P. and 6o* with 
the*V. P. - - ‘ 



IV 


CONTENTS. 


Projections of a line on a side plane when Ue 

t,he end poinfs are given. I ••• f J **• 

Projections of a rectangular planj wneV it is inclined to ojfc^tan# 
ditto, when ( it is intoned to both the planes of prt>je<?tion 
{Jitto, . when its inclinations to both the planes of projection 
are together 90° ...* ... ••• • 

Projection of irregular areas. ... • ••• j" 

CHAPTER II 1 

• • » • 

■ PROJECTION* CONTINUED, SECTIONS AND DEVELOPMENTS. 

Four classes of projections. ... 

Definitions of solids. 

Five regnlar solids. ... ... 1 

Properties of regulas solids. ... 

Altefation of ground Iiqe or Auxiliary projection. 

Rides for drawing auxiliary projection ... 

Sections. 

The .profile. ... <■ ... ... • 

A cpntour. ... ... 

Development of surfaces. ... *.A 

.Projection of a tetrahedron by alteration of ground line. 

Project an’ortahedron ” 

Project a table “ 

Project a sphere 

Project thtee speed pulleys ” 

Project a helix on a vertical cylinder. ... * 

Project the curve of a helix on r. cone. ... 1* 

ProjrtT’ft thick wire wound up into a helical curve. 

Vrpj^ct a \ threaded screw. 

Project a stjr. threaded *crew. 

E levatieb of a round stair case. ... 

# Examples of lections : - 1 . ‘ 

Section of a cube. ... #•« . 

Section of a tetrahedron. ... 

" oLa cyt ader. ... 

” of i pyramid. ... 

Sections of a cone. * ..r * ... 

Section of a cone lying on ground. ( ... 

Section of sphere. ! * .... * f .... ... 

. * in different position. .«• 

Sectibn rf a monument, ... ... \ • ... 

Examples of development of surfaces of solids. # 

Develop the surfaces of a cube. ... t ... 

M { tke surfaces of a tetrahedron. 

* *the surfaces of a pentagonal pyratfud. 

" the surfaces qf a Cylinder. 


20 

21 

22 

23 

24 


25 

25 

26 

27 

27* 

28 

28 
^9 
*9 

29 

29 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 , 

39 


40 

41 
• 42 

4 ^ 

45 

46 

47 

48 

49 

4 % 

50 
5 » 





eONTSNtS. 


Develop^ii^surfaces of a cone. ... ... 

” . ^the'sunaces of a wedgt ... .* •* ... 

Development of the curved s^face of a cone with the lection. 

line of anjellipse. ... 9 • ... 

Draw # plan and elevation of the cone when tfce development of 
its curved surface is given. # ... ... .Jt 

Find the position of a jjomt on the cone when it if given on 
the%:veloped surface. ... ... ...• 

Develop the surface of a gone witlf a helical curve.* 

Development of a tin funnel. ... ... , 

Devllop the surface of a sphere.* ... ... ...* 

A cylindrical pipe turned at an angle of 120° is to be formed . 
out of a sheet of metal, show how the metal it to be cut. ... 

# CHAPTER III. • 

• hOMKTRJC PROIKCTION. • 

Usefulness of isomeiric projection. 

Principle of isometric Drojection explaind. 
ls?>metric scale. ... • ... ... • ... 

is* method of drawjng the gcale. ... * 

2rd method „ 

Isometric projection of a box. • ••• ... 

” of a rectangular piece of wood with joints. 

” of a ffght of steps. 

” of a cross, ... 

” of a joint of a tie-bar with the principal rafter. 

” of a circle ancfa cylinder. 

” of a jfyramid and a cone. • ... ... 

” of a wedge shaped piece of wood. * • ... • 

” of a cube with a circle inscribed on the top facf and 
supporting a sphere on its top. • .A 
” of a king posj truss. # ... ... 

, mm CMAP*fkR*IV. « 

DESCRIPTIVE GKOMRTR^ • . 

The principal object of descriptive geometry. • 

Deference between pure S0I14 genmet^twf^iwpractic^l solid 


S' 

V 

53 

5 . 

55 

55 

56 

57 
> 


61 
61 
■ 63 
. 63 
64 

64 

65 

, 66 

66 

67 

68 

71 , 

' >2 
*73 


gmmetry. 

Co-ordinate praties, the combination of ._• «_ .... 

Dihedral angles ... • *.^. * “ ... * • ... 

Traces, defined,... < , ... • ... 

Useful theorems in solid geometry. ... . , ' # ... 

Angle whiclv a line indices with a plane. * ... 

Angle which a plane (bakes with another plane. 

Sum of the angle} wbiflPa lmf can make with the bro plaaes 
of projection. 


74 

74 

74 

75 

76 

76 

77 

78 




v OdWKSTS. 

• w 

Sum of the angle* which a plane can make with the two,pfc^es 

• of projection. ... . ... ... ' J 78 

projection* of a line miking angles*4hh the H. P. and V*.P. 79 

Given th« projections o{ lines tcPfind meir traces. ... f So 

Find the projeetion of a line, its traces being given. ... 81 

^rojeotton* of a line given, £nd ns inclination it) each plane 

and the trite length. ... ... # ... * ••• 8z 

Horizontal Projection of a line and the angle it forms with^tie 

U. P. given, And its Vertical Wrojectio* ... *• 82 

Vertical Projection of a line and its angle with the II. P. given, # 

• find its Horizontal Projection • ... ... ••• 83 

rejection of an angle given, find its traces and the true angle. ... S3 
From the H. T. and V. T. of a given plane, determine the 

angle it forms with the two planes. ... 84 

Find the true angl£between the H. T. and V. f T. of a given 

plane. ... # ... ... ... ... 84 

Determine the traces of a plane (1) by the projections of a line * 

• perpendicular to tHb plane (2) by the conical method. ... 85 

Determine the projections of a straight line which shall contain 

a given point and nuke given angles will* the planes • » 

projection. ... .... ... ... ... ^6 

Determine the horzont.il projection <>fc*a giveli angle when 
the lines containing it are inclined at given angles with 
the R P. ... ... ... ... ... 87 

Determiner the tiaces of a plane containing two gjten inter¬ 
secting lines. •.. ... ... ... 87 

Given the projections of twtf lines not in the same plane, deter¬ 
mine the tracss of a plane which shall contain one of these, 

% and*be parallel to the othe& ... • ... 88 

Find jjuvpomtSjOf intersections of a line and a plane. ... 89 

Determine the projections of a line which shall contain a given 
• point ;*id be perpendicular to a given plane and to find its 
, «tru* length. .. ... ... ... ... 89 ' 

From •'S*v ) pn point to draw a petyenjjicular to^ given line. ... • 90 
Project the intersections of two plane* inclined to th%J^ P. 

1 oyt perpendicular to the V. P. ... • ..f 91 

„ inclined*at 6o° aryl 30° to the H. P.*and their bormzontal 
edge parallel 0 the ground line. ... ... # 91 

» one tffclined to the H. P. and* the other parallel to the 

h. p. c r-*- •*.. .^2 

Project the intersection of ^fo oblique planes. ... * .« 92 

determine the traces a, plane at ij^iven angle to 

the H. P.'and contj filing a given stiaight line. • ... 93 

Determine the angle which a 4pe inclined totbdth th# planes of 
projection will njak* with a given plane. # ... ... 93 

Find the traces of a plane containing a given point and»make 

a givep angle with the planes of projection. ... • ... 9-^ 

Find thefrabatement of a given point* on tie H. P. which lie* 
in a given oblique ^plale. • ... ... *•» 95 



CONTENTS. Vtf 

uetermip£ the a*gle between two planes which are ^inclined in 9 
opposite directions to each of tfie co-ordinate planes., ... , 95 
From Jgiven point to draw a li/; to/nake a given angle with 

a given line. ... ... ... * . M » ... 96 

Project a line making an angle of 45° with the H. P. and con* • 
tained by a^iven plane. *... ... • ... 97 

Rotate ^ivm quadrilateral figure on an axis. ... f ... 97 


Determine the projection of an collateral triangle, its surface . 
incfined to the H. P. 6o° and one of its edges at 45 0 . ... 98 

CHAPTER V. 

Interpenetration of solids. • 

Definition. The principle of determining points dh the intersec¬ 
tion of the surfaces. ... ... • # ... 99 

A rectangular prism penetrates another rectangular prism * 
through the middle of a face. ... * ... ... 100 

A rectangular prism with faces at 45 0 to the H. P. penetrating 

# another rectangula* prism through edge. ... ... .101 

Determine the interpenetration of two rectangular prisms, one 

‘with its longef edges • parallel to the V. P. and one face 
inclined to the V. P. ; the other prism with longer edges 
parallel to the H. P. and inclined to the V. P. The axes 
of the two prisms bisect each other. ... * ... .102 

A vertical cylmdet interpenetrated by anotfter cylinder, twocajes 103 
A vertical cylinder interpenetrated by a tr%ngular prism. - ... 106 

A spheie mterpenetratecVby a hexagonal prism. ... ... 107 

A sphere interpjjnetiated by a vertical cylinder. ... ... 108 

A sphere interpenetrated by a vertical cone. • 4 ... « t>.~ 109 

A vertical cone interpenetrated by a cylinder. ‘ ... ... n * 

A vertical cylinder interpenetrated by a horizontal cqpe. * ... * *i ii 

A sphere mterprneirated by another sphere. ... , .... rt 2 

A vertical right cone • interpenetrated by another horizenta? 
right cone. ^^ ... . r * ' ... * ... *113 4 

A sph#te mtespenetrated by^a ring. ... ... ...*114 

CHAPTER VI. * * 

• . * 

Cast shadows and the projected r<jtF the line 

* OF SEPARATION OF LIGHT SHADE. * • 


• ■ 0 * . * 

Shadows explained. *.. # *..• •... • ... 115 

The mt thoebof obtain ng the projections of geometrical shadows. 115 
Rule of finding rtiadotls of objects. ... ''115 

Two kinds of shadows., ... ... **•... Il6 

Shadow of appoint in yace on ground or wall. ... ... j 16 

Shadow of asvertical line.,.... ... — « ' tt6 

’shadow of a horizontal line at right angles to the wall. ... 117 
Shadow 6f a line inclined Jo both the pftmes*of proieetioo rig 



Vtii 


pONTENTS, 


Shadow of a square lamina parallel in the ground. • ‘ v* 
Shadow of a square lamina inch**) to both the planes of 
projection. ... ... * ' ... ... ... 

Shadow of a ethical bl&k with one face parallel to the ground 
• a?id one face inclined to the wall ... , . 

Shadow of a bfxagonal prism lying on one face on t 4 ie ground 
and its axis**, inclined to the wall ... * ... f >... 

Shadow of a hetagonal pyramid resting on its base on tjje 
ground. , ... 

Shadow of a circular disc parallel toehe inmind. .. 

Shadow of a circular disr perpendicular to the ground but at 
, an angle with the V. I*. 

Shadow of a vertical cylinder resting on ground ... 

Shadow of a horizoirta! cylinder inclined to the wall 
Shadow of a cone rgstmg <>n its base on the ground. ... 

. Shadow of a cone lying on rs *lant face 
Shadow thrown by 4 steps ••• 

Shadow of a cross standing on a square slab 
Shadow^ of a conr^ first on ground, then obstructed by a 
rectangular prism ar*l then on the wall ... 

Shadow of;, square cap on an octagonal^Jrisnr •... 

Shadow of an octagonal <;»p on a sqr. prism. . . 

Shadow of a circular cap on a square prism. ... ... 

Shadow oT a square cap on a cylinder ... ... * 

Shadow qf a circular cap orfan octagonal prism. ...* 

Shadow of an ocagonal cafl on a cylinder. 

Shadow of a circular cap on a cylinder.... , ... ... 

Shadow of a circular flange on^r horizontal cylinder. 

Shadtfwof a saline casteon the concave face of a # cirved wall. 
•Shadow of a st. line cast on the convex face of a curved wall. ... 
SHadow oPa st. l+ne cask on the outside corner of two walls 
• meeting at an angle 

Shadow u(a st. line cast on the mside corner wf two walls. ...» 
» Shadow casfon the mtendV t»f a •stmi-prcular niche, jhc top 
of the niche bemw round and the lowej part flat. .* 

Shadww of a'rectangu^r lamina cast fionf a luminous point. ... 
Shadow of a triangular pyramid cast from a luminous point. ... 
Determine the line of separation of light and shade in pldb and 
elevatiowof a gifP^finder. • 

Determine the line of sepifration of light and shade in elevation 
of a hallow senfl-cy^etpr ^lacefJ hojizontaljy with c the con¬ 
cave side in front. ... 9 t v . • ... 

Determine the line of separation of light and chade u . 0 a right 
cone. ... • 

M of a sphere. ... ... * m 

University quejjfions L. E. and II. E. ... * ... 

>•' »» 1 fi . * *' 

• *■ & * I* OIK 


Its 

119 

119 

120 

120 

121 


123 

,2 3 

124. 

|2 5 

126 


tzS 

128 

129 
129 
129 
129 

129 

130 

131 

> 3 i 

132 


>34 

>35 

1 * 3 ^ 


>37 

u8 

> 3 ^ 

>39 

> 4 >~- 

>54 



CHAPTER I 


PROJECTIONS. 

• 

Linear drawing dealy with plane figures i.’e. figures which 
have only two dimensions length and breadth. To represent 
solid figures with three dimcnsfons (length, breadth and thick¬ 
ness) on a plane surface in such a way that they may lie deafly 
understood in all their parts, there must be at least two drawings, 
one corresponds to the other, and the two drawings, are called 
the "projections of solid objects.’’ The. fomis of projections 
change as the object varies in positions. 

The difference between pure solid geometry and practical 
solid geometry is that the former deals with the geometrical 
" relatidhs which exist amongst points and .hurt of solid -objects 
in 'space while the latter shows how to exhibit these relations-by. 
scale drawings which can be measured. 

In solid geometry all objects are represented as thijy would 
appear traced be projected on two phones at right angles to each 
other, one being horizontal and the pother vertical and- which 
are named co-ordinate planes. 

Projections different points, of an object in order to 
represent it on the two co-ordinate planes are made 'ore the 
imaginary supposition, that the eye is directly oppgsite ejeh 
. point at the same time, and is looking perpendicularly to tfoe 
plant* This sort of ^projection is called the orthographic or 
orthogona^ y parallel projectfoo. It is impossible to Sevan 
object*as it u represented by the orthographic projection aa the 
eye cannot be directfy opposite each point atjhe same'time.' 

the lines drawn from the points in the objec?perpendicular 
to «ghe two planes of projection are ctl'-d the “projectors,” 
the pojpts in ghich these lines meet t!«e Two co-ordinate planes 
are called the "projections." * * , J . t 

When the projections are found on the horizontal plant; by 
looking vertically down over each point, (jie figure obtained by 
joining the points is tailed the flan or the horizontal projection, 
and when the figure fs traced on the vertical plane,.by looking in 
"ifcnt of each point, in a’direction perpendicular fo the vertical 
plane, it*is called the elevation or the-vertical projection. 
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, What we ^dually see is the perspective projection of at> 
object which is taken from one /Aed point i. e. the eye yid the 
lines drawn from tlje different parts of the object converge 
towards the »eye considered as a fixed point. These lines are 

* the Ays of ligjit from the object to the eye wlficjj form a sort of 
cone, the vertex! of which is the eye. k is the natural ^presen¬ 
tation of the object but not suited for scale drawing aohe lines 
of the figure drawn do not retain their relative proportions. 

Rules of projections• * 

From the methods of looking perpendicularly to the plane 
if will be seen that 

(r^ The angles made by the objects #ith the horizontal 
plane will be represented on the V. 1’, and the angles with the_ 
vertical plane will be represented on the H. 1>. i. e. the angle’ 
made by an object with a co ordinate plane is shown on the 
other plane. , , 

(l). That an ohjfict for instance, a straight line is seen full 
size on a plane when it is jiarallei tfl ’the plane and will decrease 
in size in. plan or elevation as the angles it makes with the H. P. 
or V, P. increase. , 

(j)'.- That the lengt^ of the horizontal projector of a point 
from the ground line i. e. the line of intersection of the two 
co-ordinate planes shows the distance of the point from the 
vertical plane, and the.lengtfl of the verticaPptojictor its height 

• from the horizontal plane. 

, (4)' The tine joining the plan and elevation of the same „ 

.point-l's perpendicular to the ground line. , t 

•< It is convenient to name the'actpal corners object or 

points in space by capital letters, their projections dn the 
H, P. or plans, by the respective small letters and their elevations 
by small fctte* with a dash, as A is a point in spaae its plan is 
a and its elevation ii ak.. The grogfVid line is represented byjhe 
letters XY.' The loafer points in plan always represent the front 
'points in the elevutioe a\thp vertical plane i% bebiifd the object 
, Full top view is i«en in plan when an object Is placed on 
the hdrizontal plane ,or held parallel to the H. P. Full front 
view it seen in election when the object *is so placed that its 
front is parallel to the V. P. As long as the parallel position 
is not* titered the view retains the‘dame form but may be ft* 
different positions. 1 • » 
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• 

• Simple projection It is somewhat easier for a .student, 

to comprehend the simple projections of solid figures titan the* 
projectidb of lines and planes a/ the* eye is assistld by the solid 
appeardhce of the figure. * • 

The simpler’position of an object is when, it is pldfced 
parallel ta both the planet of projection i. e. the base is placed 
on the fr. P. and a face or aips of the objeot ‘is parallel to 
the V. £ ’ 

The next harder position* is when the object is placed SO' 
that its base makes an angle with the H. P. but the position of 
the object with reference to the V. P. remains unchanged ; oa 
the object is so turned that the face or the axis of the object 
which was parallel %) the V. P. is turned to make an.angle 
with the V. P. but the position of the objeft with the H. P. 
remains unchanged ; i. e. the object makes ‘angle with one of 
the co-ordinate planes only. 

• 'The third or difScult case is when tho object is in an 
oblique position wish reference to the two planes of projection 
or when the object making an angle with the H. P. is turned so 
that its face or axis' also makes an angle with the V. P. . 

The simple’ ’ruin of finding the plpn and elevation of an 
object when it is oblique or makes anglff with both the planes 
of projection are the fol/ogving :— 

i. First placathe object on owe plane with one edge of 
the object parallel to the other plane dhd draw* the plan or 
elevation first, which ever is easier, and draw the othcr,view by 
-projecting from the one already drawn and supplying the. partj 
wanted. In the majority of cases iuwill be found easier‘to place 
the object finj&e horizontal plane.* • ’ . 

a. Raise* the object* neither resting on a corner or orf an 
edge fhen that edge is at right angles to tile ground line,* the 
base making an angle with tl^p H. P. but the axifof die object 
is iwmed parallel to the V.«P. The--hue* of an .object in 
elevatiow is a straight line and it can be Jaised on one end when 
that end represents^ corner or.anwedg^f In objecjat right * 
angles to the grounrj line.* This will change the form of the 
plan but the elevation will not be*altered in form but simply 
raised on ooq end of the base line at the sa At angle whicb the 
base makes jith the H. P. Draw this figure on the right of the 
Uflt elevation. As the dUknce pf the points of the object from 
the V. Ft is not altered jbe plus can auily b$ obtained bp 
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^rawing»jmes from the various points if the %st plla parallel * 
tO| the ground* line and interfiling these lines by projectors 
from the corresponding points Vf the and elevatioif. The 
second plan is formej by joining the points thus obtained.* 

V No% retain the angle which the b.fse of the object 
makes with the H. P. unaltered and Sum the object so that its 
axis, which was |*rallcl to the V .P. m tile 2nd position, will make 
the required angle with the V. P. in The 3rd position. * As the 
angle which the object makes witii the H. P. is not altered, the 
a»d plan will remain unchanged in form but only turned in 
position. Copy the and plan on its right side placing the axis of 
the figure at the r^juired angle with the V. P. The heights of the 
points ,of the object remain the same as tfcey were in the 2nd 
position, thercfoM draw lines parallel to the ground line from 
the points of the and elevation and intersect them by projectors 
from the corresponding points in die 3rd plan. The 3rd 
elevation is obtained by joining these jiiwnts, and this qpd the 
3rd plan complete the # projeetions of die object in the particular 
■position making angles with both •the planes of projections. 

In the .last figure tile 3rd elevation presents to the eye a 
solid appearance as the object is so turned .that by looking 
perpendicularly to die A'. P. we see two faced and the base of 
the object 1. e. the threetjiniensions of solid. 

Problem, i. • 

Projeot a cube .with* edges 11 inches-' ldng resting on 
. one edge ofi the H. P. and its base makes an angle of 30" 
with H. Ftg,237.* 

• AlifJ) is the plan of the rube half full si/e and numbered 1. ■“ 
' It is'drafvn with one side.#!) jierpendieular to the ground line 
, XV as it is to be raised on Site edge. The etegion of the 
cubS is obtained by projecting from* the points , ABCD“n plan 
and measure^ the* height on the projectors from the ground 
line. It^ shown in No. 2. Its t bottom corners are named in 
small letreiys correspumveg to those of the plan and thetop cowers 
.by thtf same letters With a dash. The elevatiop a bed 13 raised 
at an angle of 3o*wi*a\ Yiantj‘resting on,the edge ad in No, 3. 
The last plan or No. 4 is obtained by projecting vertically 
down; the corners 0QN0. 3Sind getting the'projehtors intersected 
by projecting hotuontally from the corresponding corners of 
No. 1. .As No. 3 is obtained from No. a by turning it on one 
cornef parallel to the V. P., the distabces gf the joints ABC»*- 
top tad bottom from the V. P. remain fixed in its altered 

* 5 vmber* of figurt# iq'Part II continue from Pvt L 
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r , , ^ 9 

.position No. 3: they are determined by drawing !ines # parallel 
to XY from thar first position in No. t. It i# drawn by^thl 
first tw* rules of projection. / * . 

2* Projeot a cube edges 1 j" long restingfin one edge, 
on the H. P, ite^jsee making an atigle of 3Q° with* the 
H. P. and twfi of its fanes in vertical planes inollned to 
the V. It at 46°. Pig. 288. 

Th*s is a case of an object making compound angles with the 

• * 





k 

$ • 

two planes of projection apd is to beOraifci hy th# three rules of 
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t 2?i5 a,0n V, l he,wo projections of fig. *237 solve 'the first par?, 
of this proble* and No. 4 fig. *7,7 is the plan Sf'the cm be with 
Z bas “ ra,, , ed ®‘ an an « | e oT 3°° with the H.P. Infig. 238 
- .if! 0 * ^ ? aCe Nd 4 of a J 7 with lwo faces at 43° with XY, 
] J ne * d'dc'c an4 a'ab'b representing the front and back 
!*®** i? f ^J :ube " hlch were parallel to XY* are turned 45° 
. Tl "*»'? th ‘ e 1 new P'? n >n Vts altered position. The 

eMvahon is obtained by projecting upi-ards from the corners of 

vv r d m » 5Urin ? > the hightS 0f,he corresponding 

the curare ^ 3 Ht ' re the three ^eS of 

tne cube are seen. There need be no difficulty to the beginners in 

finding out the firm and the doited lines of the fig^e fhe plane 

l d dtind?i- SeA r f e evan i 0n asshow .? by‘he arrow head, 
j, j , cc . a4 . e ® r,n ‘ lnes an d n ° firm line can appear through 
Hnes " 18 m * fr ° m ' therefore dV ' »' b' and a'a are dotted 

one AhSW&IM? fc 1 l n ° h lon * on 

oyA , ic3*,rc 7«rA‘* sh frSLy, t 
ssi*; t»«V" cs? «£<«“£ j£ j, js 

is obtained by projecting verticallv nn./^ r St ele 1 Tltlon N °- 6 
the accurate copy of No a il ^ Ih T ^ 4 rest! ’ 00 

s&ftj ,ha correct “»“ ^ 

*t & wS^VS^ciSnl**‘So^ “ d ‘ w V 

posiUbn that! eSuo dSgSSjF F^C) 

with o^projection^Th^two^fficCT^^rf'th * 0g ^* 

mtUte,45^ with V.P. i, simply « 0pUce ZVZ 1 ^ 

A solid diagonal means the straight dwvance through the 
a comer of t£e bottom to the opposite comer oMhe tpp u AC, 
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A is .a corner of the top plane on the leff and c is'thp opposite t 
corner V the bottom on the right Here ttt 'solid diagonal 
is 40 be taken parallel tothtfV.P. and is shown b^,its full 
length on the elevation. NA 3 is'a true copy of No. 2, *ith the 
diagonal Ac*vertical. No. 4 is the view required obtained by 
projections from No. 3 and* No. 1. This is a particular case of 
projection in jvhich all the edges of th% cube are equajlf/ inclined 
to tjie ground, *as all the edge* of th^cuhe in the pl^n No. 4 
appear equal. The particular projection is called the isometric 
projection to be specially treated "in Chapter III. 

• * 5. Project a triangular prism resting on one edge of 
the triangular end which is equilateral of 3/4" side. The 
lower face mai^s 30’’ with the H. P and the longer edges 
2 in vertical planes inclined at 45 with the V. P. Fig. 
241.’ • 

This is a case ef compound angle which will require 3 sets of 
projections. As the prism will rest on an edge of one end that 
edge*is to be placed so as to appear as * point in the elevation, 
i.r. it is to be placed nt right angles XV The figure is drawn 
■ half full 31/e. Imagine the end awards 1»C is placed on the 
ground, that is A HO is an equilateral triangle. By projecting 
from A' the position ol the ridge or top edgt^AP is obtained. 
Ttu» height in No 2 is the altitude of the equilateral triangle A' 
1 X 7 />.\A 'A. In No 5*he end DKFand the base BCFE are in 
front so we see them in elevation . as thwedge AB passes over the 
plane BCFE in elevation it*s dotted. The edge: AC and CB are 
seen, not for the piatie ABC which we cannot see but for the 
pther ivy faces ACFD and BCFK which we see. The line AB in 
fig. 6 is a dotted lint* 

•6 ^Project a regular* pentagonal prism 2" long with 
shies of base 8 4 ’ lyitfg*>n sane face on thqwround with 
tha plan of the longer Bides inclined at 30 s with the V.P. 

Ffc 24a 

Th^fig.’is drawn half size. Take a straight lin^ DC at right 
acngles to XY and equal to one*side of the pentagon. OnDC 
AonstpicCa regular pentagon (l*?g. 80ch. VI part I) as A' F CE' 
D‘. Produce DGbc^hways, Inuginethe pentagon A' B^CDE'to 
be vertically on DC and get tHfc copers lv and E', projected on 
DC produced as B And E*. Then complete thee* plan and eleva¬ 
tion Nos. i and ' In elevation the heigfrt CA« A A'. The side 
DE' will appear in elevation as EC=AK., Place No. 1 as No. 3 
with Ipnger wdes at 30 0 with XY and»obtain No. 4*by projecting 
from No. 3 and No. ^ 
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Note No. 4 can be drawn by one p/ojection iJtip. 1 can 
b* piaceb as Up. 3 directly by doming the first straight line dc 
at 60? with XY and completing theWntagon on it. The heights 
of the elevation can.be projVctedVrom the line A’E’D'=A'KA 
of the pentagoh. 

7. Project a regular hexagonal prism 2i” long with 
aide* of base 1“ resting on one edge of base, the base 
raised at an angle of 30' with the ground and tfie axis, 
in a vertioal plane lnolined at 46* to the V.P. Fig. 243. 

The problem can be drawn bp two sets of projection ins.ead 
of three as shown in the figure. The preliminary set that has been 
omitted is simply to obtain the angular points in plan and eleva¬ 
tion which can be found by the drawing of a hexagon AI 1 CDEF 
and projecting points on AB produced asu F'ABC* and by 
taking a line perpendicular to I 1 A and projecting the corners on 
that line as GKH. - Draw No. 1, the elevation first, as it is the 
■ simplest figure, by taking a line at an angle of 30° with XY, 
representing the base BbaA. Draw BCD at right angles to 
Bb and equal to GKH end complete No. t. Project from the 
points of No. 1. and from the 4 points F'AlfC' and complete 
No. a. Place No. 2 with the axis line PQ at 45 0 with XY and 
complete No. 3. No. 4 is obtained by projecting from No. 3 and 
No.Y. 

8. Draw plan end elevation of a square pyramid 
2}* high and 1 edge of base with one of its triangular 
faces on the horisontal plane and its axis in a vertioal 
plane inolined at 46*> with the V.P. Fig. fS$4. 

As the pyramid lies on the ground on one of its triangular 
facps, its base is^t an angle with the ground and as its axis is 
inclined t6 the V. P. it is a case of compoqnd angle. It is jo be 
dragn by 3 sets of projections.' Draw a square A BCD with 
*the diagonals AC and BD intersecting in V, the^rtex, Ho. r, 
as the-plan of the pyramid resting on its base on the ground, 
with the fdgd 1 BC of the base, on which it is to be turned for 
placing the pyramid on the triangular face BCV on the ground, 
at right angles to NY*. No. a is its elevation obtained from 
No. 1 and the height pf the oyrarnid. No. 3 is a copy of No. 2, 
with the line BV on XY. Obtain No, 4 ’by projecting from 
No. 3. .and No. 1. Place No. 4 with the <axis 'ine PV at 45 0 
with XY as No. 5.. Nb 6 is obtained by projecting from No. 5 
and No. 3. The face ABV is in front so it appears-the biggest 
in the elevation. The base ABCD and «the face DOV are a wap,, 
•from the observer and the liqe CD is a dotted line. 
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0. Draw plan and' elevation of a airole of rf* diame¬ 
ter. (l)wfth its plane vertical and parallel to the V. P. 
(2) with its plane vertical andrifcclined to the V.P. at 45 . 
Fig. 248. , • ' 


. T*ie circle* is drawn first ,in elevation as it is parallel to the 
V. i’ Its plan hi a straight line. All projections*of circles are 


drawn by describing a square 
abour it and obtaining 8 
points in its circumference 
as AJiCl.llil'GH ; the diago¬ 
nals of the square intersect 
thi? circumference in 4 points 
and the other 4 (Emits are 
•(here the sides, of- the 
square touch the circum¬ 
ference, dividing it into S 
equal parts. No. 3 is a copy 
of No. a. „t an angle n{ 45 0 
with XV. No. 4 is obtained 
by projecting from No. ; 
and No. 1. 



IO. Find the plan "and elevation of thb circle when 
the plane is inclined todhe ground at 30 and to the V.P 
at 48". Fig. 246. 



In Ng. 4 fig. 345, l i> e circle is inclined to the V. P. at 45* 
and to tfirn it at 30° with the grqund Ifls to, be turhed on the* ' 
diameter CC. in a direction a» right angles to AE No. 3, fig. 345, 
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which require* jhe knowledge of descriptive geometry,* a higher 
branch' of projection. Thert^ gs a simpler way of solving the 
problAn. Place the circle fi/t at* right angles to the two planes 
of projection as GC and AE in fig, 24 ( 1 * The divisions in GC 
and AE are take* from No. i, and .No. 2 fig. 245. t Inclinet5C at 
30° to XY that is the plane of the circle is first inclined to the 
ground^t 30 0 and number it .15 1. Project lhi* plan No. afrom 
No. 1 !md the points in*AK. In No. 2 dia AE is at right angles 
to the ground line i.e. to the Y. P. Place No. 2 as No. 3 with dia. 
AK at 45° with XY (compare with AE No. 3 fig. 245), Complete 
the elevation No. 4 by projecting from No. 3 and No. 1. , 

11. Draw plan and elevation of a. circular plane of 
11" dia. when it* plane ie inclined to the ground at 30” 

,and to the V.P. at SO'. Fig. 246. • 

This is possible when the diameter AE is turned po° from 
its original position No. 2. in fig. 24b. i.e. from the right angle 
tcvpajallel to XY. No. 2 fig. 246 is copieij as No. ja fig. .246. 
Pnom No. 3a anjj No. 4 complete No.*4a. The case will be 
more clear when we deal i^irti lines in the next chapter. 

12. Project a cylinder, ‘ diameter of base 11’ and 
height of asis 1J" resting on its circular rim, *the base 
raised at an afjgle of 30* to the ground and its axis lain a 



Place the cylinder first vertically «and*draw {jfo. t and No. a 







# 
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Plan and Sevatiog of the cylinder. Obtain XBCDEfGH the eight 
Point* in the circumference and.woject them on the top and 
bottom of the cylindfr in No. 2 Vlace No. 2 as No. 3 in 

« n with 'the base ac at 30° with XY. and project No. 4 
0. 3 ant} No. i. Place No. 4 as No. 5 with the axis line 
PQ at 45 0 with XY and project No. 6 fspm No. 5 and No. 3. It 
will be seen that in elevation No. /> the points in the lowCr curve 
are not exactly those which are seen in thetyan No. 5 as the points 
f, e and d appear the points a, i>, and c disappear. Notice 
that in all the cases Nos. 2, 4 and fi, the cylinder retains its full 
breadth, as whatever tie the position, one diameter of section 
appears perpendicular to the sight. This is a check in the 
drawings of the beginners. t 

C 

18. Project a opne, height 21 inches, diameter of base 
11', resting on its edge, with its base inolined at an angle 
of 30* with the H P. but its axis is in a vertical plane 
inolined at 46* wi£h the V.P. Fig. 248. < 



first place the cone on its base on the H. P. and draw a 
circle itj plan -of diameter 1$' which js the plan pf the cone. 
Number it at 1. Divide the circumference of this circle intis * 
8 eqtutl parts ' in ABCDBFGH for points for projection* 
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Obtaicr No. s afrom No. i and the height of. the am. Turn 
No. 2 on the point E of the ase so that AE the diameter of 
the b|se parallel to the V. P.'maktA 30’ wjth the H. P. in No. 3. 
Project No. 4 from the points in Noland No! 1. In No. 4 
the axis is f^irillel to the V. P. • In No. 5 the plan No. 4 is 
copied with the axis at 45* with the V. P. Obtain No. 6 by project¬ 
ing from No. 5 and No. 3 In No. 6 the axis being inclined 
to thev. P. appears less than its real length shown in No. 2 and 
No.*3- • ’ 


• 

14. Project a oone lying on ite slant aide on the H. P. 
with ite axis in a vertical plane inolinetl at 30* with the 
V. P. Pig. 249. , 


A A 



• • e 

In this case No. a of fig. *48 is placej with the slant side VE 
otfXY and numbered t. Nb. a is objpiaed by prBjecpngfrom 
No. i*and (torn tjie line CO takena^m.No. 1 fig. 248 and 
placing it at right angles To XV. no! 3 is a’copy of No. a with 
the axis incline^) to the V. V at 30? and* No. 4 is obtained by 
projecting from No. j and No. 1. 

In No.* 2 the h<*izontal diameter of base GC retains its full 
Xngtb which in No. 1 i/a* point, as it ii perpendicular to the V. P. 
and in No. 4 it it dimioijhed as it nmkes*6o! with the V. P. 
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• 15. ^Projeqta reotangular T>ox w'ithouto a lid resting 
on one corner with an edge, k front the sides inolinea 
to the V. P. and the base rawed at 30‘ with the H.P. 
fig. 350. • * 

• '• ,, 



Here the box is to be placed with the diagonal of the 
base parallel to XV, as the l»se is to be raisy* »n one corner, a. 
.Complete the'tectangle*AI!C 1 ) on the diagonal AC placed paral¬ 
lel to XY» Thj capitjl letters are for the corners of the top and 
the smalj letters for the corresponding corners of the bottom. 
AC the diagonal of the top roncides witla ac the diagonal of the 
bottom. Take AT as the fhiclfness.of planks gpij place it on 
the fftur sides. No. a is projected froja No. r with the height of 
the box aA. The best is raised on the corner a, with the diagonal 
ac at 30° ID \Y and copy No. 2 in the position No. 9. Nu. 4 is 
projected frpm No. ^and No. 1. *To project the thickness of 
the box*project the points of thickness of No. 1 on No. 2 and 
tiopy theiy on No.^3. P^fyrcting (torn Jhe points oPthe thickness 
of No. 3 and No. 1 ttje thickness of jhe box'in No. 4 as obtained. 
Thd ir.side corner Ff^of thesbox is seen in*No. 4'and it is a firm 
line in fig. 350. A portion of the bottom of the box is seen 
from topj 1 

1 • | i , 

A few cases of projections #f fines and planes will further 
illustrate the ruffes of projection. . 
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ft. 


Dftw the pfi&n and elevation! of a Una V long 
. .. Uffeia * 


•inclined at 301 to the H.P.and the plan o&ths 
46’ with the V.P. Pig. 261 j. 


Place AB i" dong at 30 
with XY and fyoject aj ,ls 
plan parltiel to XY. Place 
ab i.e Mo. 2 at 45 0 with^XY J* 
as ai»No. 3 and project a'b' 

No. 4 from No. 3 and No. 1. [ 

Here the plan of the line 
AB i.e. ab makes 45 0 with 
the vertical plane and not the 
line itself. 


it 



17, When the life is go placed ae to make 46' with 
•theW *P at the same time when it is ipolified at 30* with 
theft P, the projection of # it ie explained in Fig. 252. 

Place AB at 30 0 with XY fig. 252 and draw AC equal to AB 
at 45 0 with XY. .^Project the points B and C on XY and* obtain 
Ab and Ac wjiich represent the lengths * 
of plan and elevation respectively of * 

AB the given line. Th&e two lengths 
are to be placed W»i*h reference to tlft 
ground line so that one can be pro¬ 
jected from the other. As the angle 
with the H. P. remains unaltered when 
the ling moves from ifs first pjralfel t . 
position with V. P. to its angular 
position*of 45°*; it can only Jje turned 
by keeping one of its ends fixed in 
position with relation to tjyt V.P. 

Assame the end B to remain fixed. 

With centre B afd radius Ac (the length oflhe elevation), dAw an 
arc, cutting XY in a. Jqjn Ba<then*Qa ifthg plbjeetion of the eleva¬ 
tion. With b as centre and bA»(length of plant as radius, draw gn 
arc on which the^noving end A of the*line liijs.. To find ouf this 
point project from a and find a' where it intersecfs the arc. Join 
a'b which is’the position of the plan of the line. It mill be 
hoffced that tne lengtji of flit piaa is the same as that in fig* >51 
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u the angle with the H.P. remains unaltered but the length Ba 
•of the rHevatio# fig. 252 is lessrh$na'b' the elevation in fig. 251 as* 
the angle which the plan in fig •>? makes with XV is greater than 
45°, the angle of the plan in 251.9 The angle Aba is nearly 6o°. 
Whjn the plan makes 45 with XY the angle which the line really 
makes with, V. 1 ‘. is much less. It maybe noticed here that 
angles increase in plan am! elevatiom as the projections of the 
lines containing them must decease in plan and evevauon. This 
is a case of solid geometry. 

. 18. Draw,the projections of a line 1; inches long 
which has one endinXY and ie inolined at 30'to H.P. 
tod 46" to V.P. Pig 253. 


It is the same case as tig. 252 with the difference that the 
end which turns front the V I’, is not A but I! the upper end 


of the line. The end A of the lino 
is on XV which remains fixed Ah 
aqd Ac are the Igngtlis of the plan 
apd elevation respectively, they 
are to be placed in their proper 
positions. As the line is turned on 
the point A with the angle it makes 
with H.P. unaltered, the point 1 ! 
turns with its height frol.i the 11 . P. 
remaining the same. Draw a 
horizontal line from P>, »nd with 
A as centre'and Ac as radius draw 
an arc«cutting the horizontal line 
•from. B at b'.‘ join Ah' which L 
the' elevation. With A as centre 
and Ab a! radius draw an are and project b* on <* bom b'. 
A IP which is the plan. ,. * 



Join 


10. A' line is given by its plan and elevation; find the 
shortest distanoe of the fine from X Y. Fig. 204. 

bet a'b' and ab he the elevation and plan respectsvely of 
the line AB. l{is ««Sptir*d to-find,the length of the perpendi¬ 
cular that falls on t^e line from a point in the groued line. The 
perpendicular will be seewfully on a plant at right angles to both 
the H. P. and V.'P. that is on the side slew. Draw ZXZ' at 
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X as cent(%transfer the points b, and a, as b, and a, on the 
ground,ltne. Jjy proj&ting from b t and a, and from V and*' 
of ther elevation the side eleda{ion bV is obtained. Fropi X 



where IX ’intersect the ground line firaw xd' perpendicular to 
bV ; then xd’ is the •shortest distant of the line A B from XY. 
To represent the front vie«i* project from d* on a'b' in 

elevation as d' and from d' project d on (Tie plan Jb, Then od . 
and od' are the plan and elevation of the sljortestjine. • 

20. Draw the projections of a line 1}’ long inclined, 
at 3 ®‘ with the H. P. and SQP.Wiyi the V. P. Pig. 260. # 

IHac£ rff at jo° wjth the horizontal plane. AB' is the 
length of the plan. As tfie line AB is at >a° with fhe H. P. it 
:an not intone more than 6o° with the V. P. wbi£h <aill be the 
;ase when it revolves 90 0 on IJ as centre. , Imagine the first view 
Iriwn as the side view of the figure, the* AB is seen full length, 
he an$le at A is jq, 0 and at 9 is 6a°. Aflrawja line parallel tof 
<Y and project on It the pointt A and B as A, b,. With b, 
is centre and A, «s radius draw a quadrant and obtain.bj a, 
»rallel to ZZ' the edge of the front plane.' 4>raw ab parallel to 
i,b, and a'b' parallel to B'B and equal to them respectively, 
(ben ab is tiM plan, and>a>b’ the elevation of the life AB# 

• • 
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Draw aa'andbb'the pbp and elevation respectively of 
the twc» points A and B. Scaltj^. The distance ab is i J inches, ab 
is the plan and a'b' the elevation of the line AB» With O as 
centre and Oa *s radius draw a,quadrant aa,^ Projett the* 
point 0 on a lirife parallel ^o and mark it as b,; measure b,o, 
parallel %> XV and equal to bn and from o 1 dr#w a line parallel 
to 7 .Z' «nd project on i# the point a, from a,. b,a, is" the 
plan pn a plane at right angles jo the two planes of projection. 
I)V, the side elevation is obtained by projecting from the pljn 
Iqa, and the first elevation b'a', • 

22. Draw the projections of a rectangular plane when 
it rests on its ehtJrter edge on the ground, its long • edges 
^re at a particular angle with the V. P %nd the plane is 
gradually inclined at various angleB to»the H.P. Fig. 258. 



The rectangular plane is shown iei l*ig. 257 as ABCD a 
rectangle in ellvatiotv and ;)C BO a firajljh* lirje in plag. Place* 
the rectangje at right angles to Wh the .planes of projection 
as No. 1 fig. 258. Incline No. 1 iiethe elevation as 2, 3 suit! 4 
and obtain the litre* plans when the plani Is inclined at 5o°, 
30° and o° with the H. P. The elevation is numbered ap I and 
plan as ll.» Place the* whole of the plan II in lift 4 pdsiiions 
is III of. fig. 258 with the long sid#s at,a jjartjpular angle to 
the V. P. and project 'the elevation |V fig. 258 from III 





22 


GEOMETRICAL DRAWINIJ 


i . ». 

and I. For the convenience o[ thowing the different angles 
with the H P. the plane "is f\st placed at right 'angles 
the V, P. afid is gradually turned to H. P. It will be noticed 
that tfie hori/.optal widths of the elevations remain unaltered as the 
widths being parallel to the H. P. retainghe same angle with the 
V. P., but the inclinations of tjie lone sides with tKe V, P. 
which though coincide in the plan 'change as the' angle 
they "make with the H P. changes. This is the cause of the 
differences in the long sides of the figures in the elevation No. IV. 
This is a case of solid geometry and can be understood by a little 
thinking. , 

23 .. Draw the projections of a rectangular plane when 
it reata on ita ehdrter edge on the ground, its plane ia incli¬ 
ned at an angle to the Hi P. but the long edges are gradu¬ 
ally turned at various angles from the V. P. Pig. 269 . 



Placg the recthnglHuiei) qf*fig. *57, iqtlined*to the H.P.at 
60® and obtain the plan and elevation which are the same as No. 2 
of I and II of fig. 258 andhnumber it as 1* Co()y plan No 1 as 
plan No. 2 with edges AC and BD inclined *0 the V.P. at 30 0 and 
project the elevation No. 2 from plan No. * and elevation No. 1. 
Place Tplan hfo. t as plan No. 3 jrith A<S and.BD at%>° with (Jle * 
V.P. and project the elevatian No..3 from plan*No. 3 and elevation 
No. t. ■ Place plan Ntt. 1 us plan No. 4 with AC and BD at 90 0 
with the V.P. and project \he elevation No. 4 from plan l^o. 4 and\ 
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elevation *No, t. fhe heights of tlte planes in the situations remain ' 
unaltered as the angle which it nftifes.with HP. is unchanged tfUt 
the width AB increases as its angle with the V.P. deceases. 

24. Draw the projections qf a rectangular plane 
when its inoUrfations to both the planes of projection are 
together gqual to 90 fljf. 2601, II, III. * 

• t • 



«. * There at# three positions in which the rectangular" plane 
makes 90° with the trio Co-ordinate pities. 

I. When it is perpendicSlar to the H g. b«|t fiaraflel to th? V,?. , 

• • 
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' IT* Whes it is perpendicular to the V.P. blit parallel to tl 
H.P. , 

III. When ont»edge of the plane is on the H.P. and t: 
. opposite parallel edge is on the V.P. In this case the angl 
with the two "Co-ordinate plirres are complementary angles. 

Case I. Plan is a straight line parallel to XY and (he elev 
tion is the full rectangle AHIK> l 

, Case II. Klevatton is a straight line parallel to XY and tl 
plan is the full rectangle AHDC * 

Case III. The rectangle is placed with its plane parallel 1 
XY. Draw ZOZ for the side plane The rectangular plane 
seen on the side Wew as a straight line inclined to the H.P. at a 
angle and to the^’.P. at the complementary angle. The heigl 
in the elevation is OC and the length of the plan is OA. Kroi 
these two dimensions and the width of the rectangle the pla 
Altd) and elevation AMCD is obtained as shown in case III fij 

a60, . • • 

• 

Projection of irregular (jreas The projection c 
irregular areas can easily be found by inscribing them 1 
rectangles, a etde of which paeees through a aide of th 
irregular area and the remaining sides parsing throug 
the corners of the figure Pig. '201. • 







CHAPTER II. 

, • 

PROJECTIONS CONTINUED. SECTIONS AND DEVELOPMENTS. 

• $ # # 

'There are four classes of projections:— 

1. Orthographic, ortho^nal or parallel projections, *when 

the projectors are perpendicular to the planes of projection 
and are parallel to each other • 

Isometric projection is a particular case of orthographic 
projection. • 

2. Perspective, radial or natural projection, when the 
projectors converge to or pass through a pdmt, the eye. 

3. Oblique projection, when the projectors are parallel but 
iitclined t«> the planet of projection. It is wall fitted to .show the 
fifrms and dimensions • of what may* be termed rectangular 
solids, as examples of wocftl-work. 

4 Horizontal projection :— 

In this projection only one plane the H.l\ il> usefj and 
figures art given indicating the he^hts of the points either 
above or below the H.P. No elevation is necessary. The 
figures are called the * Indices” and they are -f or — as they are 
above or belSwStle H.P. It is (If gregt utility in the contour 
surveys and in the drawing of forts iitc. * 

Definitions of solids• • • * 

A solid is that which has length, breadth and thickrfcss. 
The*boundaries of a Valid are «urflfys,either plane or curved. 

The bqrmdary lines’of the surfaces of solids are Ailed, 
the edges. *• . 

.A solid angle is made by the meeflng of.three or more 
plane angffes, which are not. in the same plane, id* one point 
afl the corner of a cube where the three iftigles meet. 

A prism is a solid figure # bounde<fby pljme figure# of which 
two that are opposile called endi art# simtlhr, .equal and parallel 
to one atflrther, ansj the others, called fawes, are parallelograms ; 
in right prisms the faces, are rectanjles. , * 

A pyyimid is a%olid figure which has a plane figure for 
i ts , base (hich m#y b^ a triangle or a polygon^md each of its 
sides or faces are triangles whose vertices meet in a poiftt above 
the base, called the a pet, of tbe pyrtmid* ■ 
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Prisms and'pyramids are,darned as triangular, square, 
pentagonal &c. according to the forrlj of their bases. • 

A cylinder is a Solid figure the two ends of whicfi are 
drculat planes connected by a, curved surface. «It is described 
by the revolution of a rectangle ahmjj one ol its sides which 
remains fixed, and.which is called the axis of the cylinder? 

A right cone is a solid figure described by the revolution 
of a Tight-angled triangle about rgie of its sides cuntaining.the 
right angle and which remains fixed and forms the axis of the 
coqe, The base of a cone is a plane circle the radius of which 
is the revolving side of the right angle 

A sphere is a* solid figure described by (lie revolution of a 
semicircle about itsvdiameter which remains fixed. 

When the upper portion of a cone or pyramid is cut off by ‘ 
a plane and removed the remainder of the solid is called the 
frustum of cone or pyramid and the solid is ,said to be truncated,. 

The' solid foritied «by the revolution of a circular plane 
aboilt a circumference passing through ift centrt'is called a ring. 

There are five regular solids and they are rvimed after the 
number o( faces they each possess viz : — 

». The Tetrahedron has four equal and equilateral triangles 
for its faces. It is a triangular pyramid. Kig. 262. ' 

3 . The Hexahedron has six squares,for its faces. It is 
commonly called a cube. Fig }f>3. ^ . 

3. The Octahedron has eight equal and equilateral triangles 
for its faces. It is a double pyramid on a square base. Kig 264. 

* ■ 1 • 



4. .The Ruodecahedron has 12 equaband regular pentagons* 
for its faces ; the opposite faces'are parallel to each other and 
their angles alternating, fig ,265. • 
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5. ’ The Icosahtdron has 2$ equal and equilateral triangles 
for its feces. The opposite ^ 4 ces .are parallel and their angles 
a It creatine. Ten faces seen are numbered,'ten dotted faces are 
below. Fig. 2(1(1+ * 



are of equal lengths. * < 

These faces are all regular polygon*. 

If the solids were each inscribe# in a sphere all their 
angular points would totich the concave surface of the sphere i. e. 
would be equidlStiwt from its centre? e 

Projections of complicated or irregular, solids may be con- , 
veniently solved by enclosing them in* suitable »jftralltlopipeds 
like irregular plane figures enclosed # in rectangles. Fig.- 2(1 * 

Alteration of ground l!he ■.— • , , . . * 

From thorules of projection already given, it is found tTiat 
a plan or elevation is to be*copied exactly in, a different position 
to obtain % new elevation or plan. It is trouhlftoq|e and is 
often a source of maccuracybaf the resuming figure. The final 
plan and elevation may be easily ohtjirftid by clfangjng the 
positioR of ttie ground Ime us the^ngiftjbcobject makes witls 
the particular plane'and ’assuming fresh vertical or Siorizontal 
planes instead of changing tfie position of the plan or delation. 
By this method mpre than one elevJtion can easily be 
shown from one ,plan. This is called auxiliary pro¬ 
jection. • • • • * • 

Rules for drawing auxiliJry projections by the alteration 
of ground line are given below f 
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An* auxiliary elevation is the projection bn any 'vertical 
plaae not parallel to the princip!ifVertical plane. , 

An auxiliary plan is the projection on any plane which is 
, perpendicular to the vertical plane hut not parallel to the H. P. 
Rule I* To obtain the auxiliary elevation on a new 
ground line -V' J* project from the plan perpendicular to A" Y 
and-for the new‘elevation mark' off onVprojectors the dtstances 
of tjie points above A" 1 " equal to ^he distances of the correspond¬ 
ing points of the old elevation above A’ V. The new ground line 
X 1 Y' is drawn at the same angle with .V )' as the object makes 
rflth the V. I*, for the new elevation. 

Rule II. Tr? obtain the auxiliary plarv on a new ground 
line A" Y project irony the elevation perpendicular to X )" and 
for the new plan majk off on the projectors the distances of the 
points in front of A I equal to the distances of corresponding 
points of the old plan in front of .V Y. ,V Y is drawn at tile 
saute angle with A* fan the object makes with the H. P. * , 

Stl/ioHf amt D(Ttr/af>Mtnt\ ■ 

In many drawings the plan and clrtatiort will not furnish 
all the anformation that is necessary to construct the objects. 
The details of Ihe interior arrangements are fequjred for ihe 
thicknesses of parts ant# fear other portions which can not be 
seen from the outside. These are obtained by means of 
sections. • • 

tVhen ad object is out into two portions the representation 
of the surface^iat wojild, he exposed, when the portion nearest 
to the eye is removed is called a srctivn of the object: the 
plant! tag ling the object H 'imagined hr pass in any required 
4 direction, irt order the better, to* shew its intcrnaWoun. It is 
convenient for ordinary projection to imagine the cutting plane 
either to be vertical frr horizontal. There is a difference between 
the sectional plan and elevation t nnd the true strap#'of section. 
The sectior^il plan and elevations are the views obtained «by 
looking vertically down fin the horizontal plane or j^rpendicularly 
Ao the vesical plaije. «rue,sfiapeiof seqjion is obtained only 
when the plane of projection is parallel to the cutting ^rlane. The 
severed parts are indicated By section lines or seAes of inclined 
parallel lines. '' * , 

Tho IresJ jrosition for a cutting ^rlane is perpendicular fo 
one plane and parallel to the other as u gives, the true form of 
section from which melsurefnents naay be taken. 
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<The profile of an object is a sectidh made by a vertical plane 
cutting life objgct in a'direction. perpendicular to its leqgth'. A 
profile shows the true width of tjie different parts.‘Useful in earth 
work. • ' . 

AeContour is the plan of tlie intersection of a surface by a 
horizontal plane, .useful for delineating undulating or sleping* 
grounds. * 

Devefopenvnt :— 

The surfaces of 411 solids with plane faces and 'also 
certain curved surfaces, including the cone and cylinder .can 
be developed, that is unfolded into one plane without 4ny 
wrinkling or stretching. This is useful in making objects jif 
sheet metal as the shape of the development is to be first cut out 
from the sheet to pyvent wastage. * 

Five examples of harder projection to •!« drawn by changing 
fhe position of the ground line, i.e. by the piles of Alteration of 
ground lines. 

. 25 . Draw plan, and elevation of a tetrahedron of 2' 
edge testing on one corner, the base,raided at ai> angle 
of 30’ with the H. P. and the axis in a vertical plane at 
46' with the V.^P. Fig. 2&7 



X $67. 

At the tetrahedron is to be raised iif one. corner piace the 
equilateral triangle <% the base AJSOtoimtt otfe edge IjC will be 
at right angles to XY.then the solid can b* raised on the corner 
A of the base. ‘This is No. r. Projtfct elevation No. 1 frotnV'*" 
No 1 The height *of the apex D is ohtaided by drawing Ur 
perpendicular to CD*and from C as centre and with CB one edge 
of the solid as radios drlw an a»c BP cutting DP 18 P Then DP 
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is the height ofthe point i ) from the base. Project from-Dand^tiake 
CD in elevation equal to f)l'. Join DA,.‘DB. Then PA B is the 
eievatiorf No. 2. and the line A B .represents the Case ABC which 
is U> he raised on A at 30 0 to tMeVound. Draw AB in ffo. 3 at 
30° with XV and cony No. Ton AW. Project No. 4 front,No. 3 
, and fio. 1. The next elevation can be drawn without copying 
the plan No..( with the line'WO (the plan of ikeoxis) at 45° with 
XV. Instead of it draw a new ground'lme X'Y' at 45° with XY, 
and. project from No, 4 on this new ground line. The heights of 
the points above X'Y' of the corners of the tetrahedron c.311 be 
measured from the [mints of Nn. 5 above XV. The arrow head 
shhws how No. s is viewed Only the face ADC is seen as it is in 
front and obstructs the view of the pther faces. The lines AB, BC 
in No. s are dotted lines 

28. Projeot an ootahedron with e< 5 gee one inch lone 
resting on one Tace on the H. P The edge nearest to, the 
V. P. makes 30 with it. Pig. ?68. 


E 



The octahedron is placed in plan* No. 1 as a square pyramid 
in such a *ray*that its two triangular faces ADC and.ABI) may 
appear as two straight lines AC and AB respectively in elevation 
No. a. .Tht height a'A«of the octahedron is equal to a diagonal 
•EC of the common basal, Jhe height, a A is bis&ted and BC 
is drawn through {he point of Bisection. No. 3 is Np. 1 thrown 
on face aPC on XY. r No. 4 is proje’eted front No. 3 and No. 1. 
The line El) one Mge of the solid is nearest to the V. P. and 
parallel to it. This edge is to be turned at, 30 0 with" XY. Take 
a new ground'iine X'Y' at 30 0 with XY> and project Aon it from _ 
No. 4. The heights of the points in No. 5 is'obtained from the 
heights of the {feint* iqr Nc^ 3 above XY. 
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• 27. project a tpble with 4 square legs fasting on two 
legs and tne other two legs are so raised that fha top 
inclines to t»> H P. at 30.. The table is then tuYned till 
the longer edges are in dertioal planes whioh make 48° 
witlfthoV. P. Pig- 269.1 



• Draw* first the plsorof the table with the leg* as dotted tines 
Ho. i. From Nrf. i, k -* 
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and the thickness of the top plank. The batten piece- 1 } is also 
seen. Ns. a is placed as No.-3 resting on twp legs and the 
othe^ two legs so*raised os to malteqthe top plank incline at 30’ 
with the ground. Project plan No. u. Then take a new ground 
line X'Y' at 4 f with X\ and project from No. 4 on tKis" new 
ground line. As many linos,if drawn all togeji^r, confuse one 
another, it is advisable to project the topflank first and draw it by 
taking the heights, of the points,from No. 3 above X\. Then 
project one leg and draw on gradually. 'The required elevation 
js No. 5. . 

. 28. Project a sphere 2" diameter with meridians and 
latitudes and with its axis inolined to the H.P. at an 
angle of but parallel to the V.P. Pig, 270. 


Draw «wo circles in pkuf sand elevation Nb. 1 and No. 1 re¬ 
presenting the sphere «nd divide the circumferences of each into 
1 a equal parts for tjif.plan a\id elevation of the* latitudes and 
longitudes at distances of 30° The latitude appear ip plan No. 
1 as drclos anc^in elevation No. a as sti|i|ht7ines parcel to XY. 
The longitudes appear in plan No. 1 astadia) straight lines ano 
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in elevation No. i as ellipses. Number a few of the points in 
plan amf put the same numbers .ayi the corresponding pointful 
elevatioit. Take a new groun^ lin* X'Y' at 45 0 with XY and 
projected the new ground line from the eletation No. 2, as plan 
is required to be dmwn. Take dispyiccs of the point from X'Y' 
in plan No. 3 eqhal to the distances of the corresponding points 
in plan N<» 1 from XY. First finish the luting!es. To avoid 
drawing dotted lines drai I the great circle of the sphere in plan 
No. 3 Jiy projecting the centre gif elevation No. a on X'Y 1 and 
measuring the distance of the centre of No. 1 from XV. Where 
the latitudes meet this outer circle they can be drawn up to thosf 
points. Mark the pole, the ‘upper one. Join the points of 
latitudes passing thrigigh this pole for the longitudes, ending the 
curves on the outer circle. • 

29. Draw plan and elevation of a.set of three speed 
pulleys 2|', If and 1" diameters, respectively, and thiok- 
ness J an inch each, resting on the rim of the larger pul¬ 
ley,*and their faces'making angles of 30" with the v:P. 
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No. 2>* The middle points M, F and A of thg faces'of the pul¬ 
lers in plan No. i are the to^w, points in the elevation No. 2 
which are similarly lettered* l’bg middle points O', K' and C 
of the elevation No *2 are the top points 0 , H and C of flan No. 

• 1. •Draw the s< imcircles ,A'BCI)K on A'If the 1st pulley, the 
semicircle IWifIKI. on I’L, the 2nd pulley aW the semicircle 
M'NOPQ on NJQ the 3rd pulley for finding the point* of projec* 
tioh on the rims. From the centre polNits of the faces draw lines 
at 45 0 upwards and downwards* in the 3 semicircles to cut the 
qrcs. Project these points of the arcs on the faces and the points 
B',C\D' &c. are ohtamed Draw a new ground line X'Y' at 6o° 
with XY then it will he at 30 0 with* the faces of the pulley. From 
the points in plait No. 1 project on the new,ground line, and the 
heights are taken fiom the elevation No. 2 The heights of the 
points AHCDK in »Jcvation No. 3 are the same as A' 15 'C'D'K In 
elevation No 2. The thickness CC in No. 3 of the pulley is 
obtained by projecting C in plan No. i j>n elevation No. 3* and 
setting this nie: 2 kuruaiient CC on lines drawn parallel to X'Y* 
from the points A, B. C, 1 ) and li # Af elevation No. 3. Thick¬ 
nesses of the other two pulleys are smnlajly obtained. It is 
necessyy to project only one thickness 
• 30 . Project a heli*: of a given pitetf on a vertical 
cylinder- Pig. 272 . • 
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• The pitch i| the distance between two tm-ns of *4 helix 
measured parallel to the axis of,the cylinder. Take the puch 
of the helix to he one inch atH^lhe dsatnetcr of the cylinder, ij'. 
Draw a»cfrcle of i' f “ dia showing the plan of cylmder, No. i. 
Divide tltC circumference of circle jin t. into i a e^jual parft for 
the 12 equidistant pointj on the helical curve. Project the 
elevation »f the cylinder, No 2 # and take spact* of 1" on .the 
side of if. Divide one sffice into 12 equal parts and number 
them Srom 0 to 12. Draw line*parallel to the ground line ffom 
these points. Project front the points o to 11 in plan No. - * 
and where the projections from the points in plan, interscot 
the corresponding parallel inthe elevation, nrg the points in the 
curve in elevation Ufo. 2. Join these points. The curve from 
o to 6 is in front and so drawn firm and Hum 6 to 12 the 
curve is on the back of the cylinder which issdrawn dotted. The 
3rd figure is the development of half of the helical curve. Take the 
distances 01, 12, 23, 34, fkc of the circumference in No. 1 on tjie 
ground Tine as or, 12, 23, 34, <Vc and draw perpendiculars from 
these points where these intersect the corresponding horizontal 
lines from elevation No. 2, are the -points of the developed curve 
which is a straight line in this case. » 

31. Project 1 the curve of a helix of a given, pitch 
on a given vertical oone. Pig. 273. • 



, 0 > 


dlraw a circle representing the plan ofTfee cone, No 1 and 
divide tlje circumference inio if parts. jVojeqt the elevation, 
No. 2 from plan No V Suppose, tl*Te» are two turn* of the 
helix on the •whole height. Bisect the height and divide the 
lower half into iV equal parts. Join *lhe poiijtj of the circum¬ 
ference in plaq No 1 With the centre. These radial lines are 
the lines on the surfaced the cone from the vertex to the-points 
• in (Re base. Project ,thes? fines on the elevation, No 2 where 
these lines meet the corresppnding horifbntak lines, are the point* 
<^f the curve in elevation No 2. Join th&y points for the turve. 
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The develppmcnt of this carve will he shmn in the portion 1 
dealing with the subject. «* 

32 . Projaot a,thick'wire 1 wound up into a jielical 
t ourye or sjfring. Fig, 274 . 

> _ , 



274 . 


This case differs from Prop. 30 fig. ayiendisving a thickness 
for the curvfc turning up a cylinder instead of a thin line. The 
thickness K^epres^nterl by two parallel curves touching the 
Circumferences of small circles representing the circular section 
of the thick wire. ", • • 

* ^In plan draw AC the diameter of the* cylinder which 
envelops .the helix. Take AD and FC on' the two ends 
representing the* thickness of the wire or the djameter 
of its Section. Then DF i,s the diameter Sf the hole 
oftheheliic. ,* • * 

Draw ABC. amJ/)EF semicircles for half pltin. Bisect AD 
and FCVt t and*5 respectively and draw a semicircle on 15 
representing the half plan pf the locus of the centre (mints of the 
sections of the wire. Let ah be the pitch of the helix in elevation 
No 1. Divide ab into 8 equal parts it. is many, parts as the 
cfccsmferenre of the plan is divided., ,As half planes drawn only 
4. dtfwions are shown. Mark the centre points it) the plan U 
1, a, j fkc and profit frdm these centre points to intersect the 
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^horizontal .lines from the corresponding joints in elevation. 
‘Points 0 , 7, 8, coincide with the projections front th? points 
4 . 3 > and 2 respectively. 1 )raV circles front these point* in 
elevatiOjft p( diameter equal to Site llntkncss yf the wire and join 
the circumferences of these circles by tangential curves as shown 
in figure 274. , * . • , 

33. project a;V thi%aded screw \ pitch and )i inch 
in depth, cylinder 2,'i pi. diameter. Pig. 276. 



Cylinder is the rod from which lift screw is cut and its 
diameter is the diameter of the cylinder. Draw two concentric 
semi circles ABCD and I’EFR representing the ffalf plan of thp 
screw.. AP and RD ^re the depths of the thread otj the two 
sides. Prjrjet^ .the elevatiop afnd take ab, be to be two con¬ 
secutive pitchf of the setew. Divide the semi-circumferences 
of the plan into 4 equal pahs. Divide one 4>itch in’ elevation, 
No, I intro 8 equal parts and draw from ihese'p^jnts lines 
pegdlel to XY, and projecting from the. points on the outer 
circumference of the plan, find points in ’the elevrrtiorv of the 
outer helical 8urve end jojp these ^ginfe. The curves ad, be ta* 
elevation representing the edges of the V thread’are thuntbtained. 
Join the points d, bfi and c with the points in the projections 
from P and R, 4 ^visions up and down ftw the sides of the V 
threads. Nbw the curve of the root of the thread is to be 
drown. THfc inner helical cujve is commenced* froni .K the 
4tb point in the projection from g and ends in the 8tfc point 
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in the projection from R. The other points are found by, 
projecting from.the points in the inner curve of die plan. 

, ■' 

34. Project a square threaded screw depth "/, inch 
and pitch 1. inch. Cylinder 2J in. diameter. Fig. 2/6. 



Square threaded screws have the same thicLiess'of thread 
from the root to thejautside and so tiVo parallel helical curves 
are to bedrlWn showing the thickness of the thread ct the edge. 
Part of the inner cylinder is seen asjthe spaces are of the same 
thickney frSm the edge Jo the root* The pitch at in elevation is 
bisected in t, ah is. the jhirj^nessv of the thread Ad “is the 
space. The outef helicSl curves are first dVawn fronj, the points 
in th^ outer semi circle oj the half plan No* i. The inner 
curves in elevatiorsNo a are commenced frqm the points in the 
horizontal lines Nos. 08 16 &c. of the elevation" where the 
projections from the ends of the diameter of the’inner cunte 
n No. 1 meet * * 
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35. Draw the situation of a rouAd stairoaae, the 
enclosure wall* removed, showing the steps and Newel 
pillar. Fig. 277. 



The Receding problems of helical curves explain the 
method of drawing the elevahon of the rtpnd stair ease. N is 
the newel of tfce staircase and the steps.commence fronf ai in 
plan, the fronts of ttfc firstrfwo ‘sjepswtr^not ien in flevation. * 
The lower +611031 curve gives the thickness of the steps. The 
front parts of the* 3rd, 4th, 5th, 6th, 7llf, steps jn the first turn and 
15th, 16th in the Snd turn are seen as rectangles. The inter* 
section of tM lower plane with the newel is seen in twq, places 
p.*and q ana obtained aI helical curves. There a/I is steps in 
one turn. The steps 8, 9, 10, of the fifst, turg and so, si 




GEOMETRICAL DBAWltjG. 


41 

& sa of the and turn are completely hiiden from' view. It is. 
a good Ixercisnfor the students. a 

* Examples of sections / 

36 . A Icube of l f aides stands on the horizontal 
* plane, two jf its vertical daces are inclioejl at 30 ° to the 
V. P. The oube ie cut by a plane which ia perpendicular 
to the V. P, makes an angle of 60 with the E. P. and 

S asses through the oentre’of th* top face of the cube. 

iraw the plan, elevation and true shape of section. 
Fig. 278 . * 


A" 



Sectonai planes making angles with both th</ plants fof 
projection fall under -descriptive geometry problems and eno- 
AO* be .solved by the -simple rules of projection Here only 
yW*e ea|es will *be ta'lesin .dhich. the .sectional planes are 
inclined to one plaice only and are at right angles to the other, 
'fli* sectional plane can then be easily irawn'aa it will appear 
U a straight line drf the plane to which it is perpendicular.. ; j) 
In probjpm 38 the sectional plaqe ( is inclined at 6o° to the 
H, T' and a line drawn from ’the centre of the top face in 
elevation at ar angle of ‘8o* with XY represents it Obtain 
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fust the* centre point- a in plan and project it on the top line 
of the elevatiorfas A. ABC is drawn at 6o u with XY.' Project 
the pojnts A, B and C of the efifration on the plan The poirtt A 
gives jV two points A' aftd E 1 ’ the p«ojection § from point 15 
passes through the corner B',and IV and C' obtained from C.*A'B 
C'lf’E' is the* plan of the sectibh. .The corner of the solid 

beyond t|je line IVC' in plan and the portion on right of the 

section, line ABC in ^evatioi*are dotted as they represent the 
portion cut off. For true shape of section draw a line from 

/in plan parallel to XY and nftrk the point g where it cuts A'E'. 

Draw in elevation a line /' g' parallel to ABC the section 
line and project on this line bom A, B, and C. Take measure¬ 
ments on the two sides of /' g' equal t» the distances of 
C 1Y E' A' anrf B' from f g in plan.. Jrjin the points thus 
obtained and A" B” C' IV E" is the true shape of the section 
whose plan is A'B'C'D'E'. 

. 37. The plan of a tetrahedron ie given {side 1 inoh) 
* resting on the H. P. on one face and 4the edge nearest 
to* the V. P. makes 30" with it. Draw the elevation 
with the seotion made t>Y a vertioal plane parallel to the 
V. P. and t an ihch from the nearest corner of the plan. 
Fig. 279. 


V 



Draw .an equilateral triangle.*ABC rajresent the'lower 
face of the tjtrabedrorf with the side AC at 30 " with XY ; then 
the other ^de AB ViU Jx at right.angles to it /Complete the 
pBtn of the tetrahedron and project ha deration. Hoe the 
sectional plane it a vertical plane ancf so {s to he drawn as a 
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straight Ijpe in plan. The line a'b'd' in plan reprefrnts the 
sectional plane “parallel to the V, P. Project the ^points a'b'd 1 on 
the Elevation and the triangle, a&d in elevation represents the 
sectional partpf the tetrahedron whfch is shaded. . , 

“ 3 B. A cylinder (dia. .of :base 1 inch* ht. = 2 ") has its 

axis parallel to the V. P. It rests on the rinl of its base 
■which makeB 60 ’ with the H P. *Draw plan aivi eleva¬ 
tion-when it is cut (1) by sa horizontal plane passing 
through the middle point of the higher end. (2) when 
it is out by a vertioal plane making an angle of 45‘ ■frith 
therV P. and passing through the middle of the axis. 

Tit: M CIClA 



'SSf-NoT#: Auction of ^ cylinder cut by a plane perpendicular 
to^ihe axis is a circle, and by a plane inclined to the axis, is an 
eliptical figure. . • , , 

, • In case' i. The sectloh lift? is,taken in thg flevgtion and 

the sectional surface is seen on plan wljich is the trtte shape of 
section as fl\j section line is parallel to the ground. The dotted 
semicircle *>n one end of the elevation is for obtaing ft line! on 
the surface to find paints in the cjtrve of section for projectiqp. 
The inner carve of thd eliptical fig. on the plan on the right is 
Bolted, thj outer djte is 4 !jt%, • , . * 

f In case II Thai section line is takep in the plan and the 
secttofial surface is $gen in the elevation reduced in length as 
the sectional plane is inclined to the V. P. Th^'portions of 
the cylinder removed by the section}! pldbe is dtjwn dotted. 
The poftions of edge lines of cylinder in plan po the right of the 
section line aresiottedy • 




* PROJECTIONS. J 

§ 9 . A'e plan anti elevation of a pentagonal pyramid 
’ is givep. It ie*( 1 ) cut by a plane inclined to the ground. 
( 2 ) cut by a plane inclined to the V. P. Draw plan and 
elevatton of the sectional pyramid in the two oases. 
Pig. 261 . * 


0 



. • 

The two figures show tne construction clearly, yhe plan of 
the p^amid»a regular pentagon is drawn first. Fig. 8o ptyt I gives 
an^asy construction of a penjagon on a straight line. Where 
the sectional plane cuts the slant edges of the pyramid an the 
elevatiofl of Ase i .are [yojested op Ve respective lines in ’ 
the plan. Jhe point in the 5th line can not be projected 
correctly as it is very close to the axis of the figure. It is trans¬ 
ferred by a horizontal jjne 5'p on the 4th linrf'm elevation and 
the point p is projected in plan on the 4th line. It is transferred 
insplan by a# arc of a cirslo on tjie 5th line. • ' • 

Case II requires* no explanation. • 
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40. A cone Btands with its babe on the horizontal 
plane. Draw .plan and elevation when i» is out by a 
plape (1) inclined to the ground at an angle less than the 
base angle of the cone, id) wfjen the cutting plane is 
parallel to «. slantf side of the cone (3i when the butting 
•plane makes a greater angle than the baivs angle of the 
oone. Show* also the -tru5 shape of section of the 1st 
case. Fig. 282. • 
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* Case I. The section is an ellipse. Imagine i a slant lines at 
equal distances on the siglatt of.the cone cut by the seetional 
pltfcie at ia points in the curve of the section. , Ttytse points 
are projected from the elevation where they are first obtained, on 
the respective line! in the plan and joining the points, the plan 

. . * »• . l • J T „ . tV. ~.yA mtk/ nninht ITS 


.elevation to one siac as y 

transferring it by an arc sfvciiple to the mpldle line < 4 , i?) ro 

C ip. The true sh*pe of section is obtained bjv drawing a 
e [Jaralle! to 17. tfce sectftn line in the efevatiOn and projecting 
00 it the different 'points in the section dine. Take distances 
00 these projections on both sides of die line equal to the 
distances of the corresponding* poirft# in the plan from me 
line 17 in plan*. . / * 
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Case II. ffhe section is a parabola. Part of fhe base 
is cut by the sectional plane. The points are first obtained in 
the stinace lines in the elevatioif and Ihen projected on the 
corresponding lines in plan. t 

Case III. .file section is a" fiyperbola. I’aft of the base 
is also ruj by the sectiofi.il plane. As the inclination of the 
sectional plane is greater thaif that in case if the plan appears 
tblnijer and in the maximum case it will be a straight line. . 

41 . A cone lies on the ground on its slant side, it-is 
out by a horizontal plane passing through the middle 
point of the upper elant side. Draw plan. Fig. 283 . 



• . 

* a d is the section line tn the elevation. Dnftr ^ dotted 
semiciscle on* AC and divide tjie semicgcu inference into 6 equal 
parts and from these** point* draw |fi 4 pfendicutars to AC. Join 
these poirfts with tj>e vertex V ioj the fur face lines which ate 
cut by the .sectional plane at a, b, c, d, project, the points a, b, c, 
and d, on .their respective lines in the plan. The points thus 
obtained in# lan whA jjiged (ivies t(i# plan of th* sectjpo and 
it is the true shape of the Section as the sectional plane it 
horizontal 
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42 .' Given plan and elevation of a sphere. It la cu 
by A plane ( 1 ) perpendicular* »o H P. but inclined to thi 
V.p. ( 2 ) out by a plane-inclined to the H. P. bat per 
pendiculario the V. P. Fig. 284 . ’ 



Case I. As the fictional plane is inclined to the V. P it is 
.first drawn in'pian cutting the sphere in the line A ft C D E. 
Draw a teflltea-cle on A E and divide the semicircumference 
into 4 equal parts at the points b‘, c\ and d'. From these points 
draw perpendiculars 011 .tljt* section lint! AE meeting it at the 
, poilits B, C and 1). The points A artd E are oV thd' circum¬ 
ference of .the plan which in elevation is the diameter of the 
circle. Project from* the points A B C D E in pl^n on the 
diameter %f the elevation and op these projections measure 
distances Cc I)d*hn both sides of the diameter equal to ifb' 
£c' and*Dd' of the plan., From npar d to d in elevation thf arc of 
the spheres dotted The Jtfctional plane touches the circum¬ 
ference in points obtained bj projecting from the poinC where AE 
cuts the dia. of the. plan. 

Case II. The sectional plane is inclgied to the H. P. so 
it is fim •drawn in elevation as A E. Brew a semi-ciftle on A E 
for the points on the circumference of the section. Divide the 
serni-circumferehce iuttf 4 cyiual pacts at b, c and d and repeat 
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• the construction of case I. The circumference of the«elevation 
is the diameter of the plan. 

43 * Given plan and .elevation of a sphere; it is out 
by a tfhtne inclined to the H. P. at 8<f and to the V. P. 
at 60 ’ Pig. 28 S. , • • 

■ * • 



Here the sectional plane is inclined in the ffont and can be 
easily.drawn first in the side elevaties in which case tjie plane 
appears js straight Iint^ Ne t *is‘ the side elevation of the 
sphere and the sectional plane is shown by the line 1-5. • The 
plan of the section is obtained similarly .to cas^ I of the last 
problem. ■•Jo. 2 is the plan of the side elevation that 4s of the 
sphere with the section tuijied < 76 °. 'She form of the section 
depends only on the inclination of the sectibnal plar^ t« H. P. 
Turn NV 2, (fo° to take it^ primer pf^i^bn asjNo. 3, and project* 
from the points in*the curve ‘of secbon in No. 3* and the 
corresponding points* of No, 1 for .the (joints of No. 4‘the 
elevation irr its proper position. This is ’properly a case of 
Descriptive ’geometry solved by the rules of ordinary projection. 
Iff No. 4 tills portion trf the arp of circle (4, 5, 6)tbove the sec¬ 
tional plane is dott&i. 











J The .plan Ntf, i iAldl^d » th|t the putting plane A B is 
parallel t0 *X Y. The points in’the sectional elevatiot} No. 3 are 
found by projecting from• the points in plan No. 1 and measur¬ 
ing theit respective heights from No. a. The point d is projected 
on the elevation of the line hn from o the v-rtex of the pyramid. 
Peru «f the right side of the, monument appear# beyond tut 
sectional plane., _. ' ° 
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i Examples of ^Development of aurfaoea of Bolide i-r 

44. Develop the surface^ of e cube of edjre, 
Pi*. 287* . ^ 

• • # 


to 

• 

• 

• • 

b 


c 

9 

d 

9 

1 


287 * 



• 

LLt*_ 



Draw abed a square as the base of the cube. Produce at 
and id both, sidtwjays and at and id hot h up and downwards. 
Draw one square on each side on the bas^uM- for the four sides 
of the cube and one square below the lower square for the top. 
If the paper is cut on the dutside lines and folded on the interme¬ 
diate lines, a cube can^tasily be formed.* 

45. Develop the eurfaceaofa tetrahedron 1* edge. 
Fi*. 288 





Draw an fequilateraf triangle ak for the base of the tetra¬ 
hedron. On tfce three Sides,of the triangle draw 3 tnpre equila¬ 
teral triangles for the 2 faies of the tetrahedron. Ifthe piper 

4 
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be folded on ab, be and ca and the three eqjlateraf triangles »re- 
tailed by their j vertices V t *T, and V, then they will meet at ai 
point V„ gnd forirwa tetrahedrod. < » 

* 46. develop the •urfaoesofa petotpgonal pyramid 
edge of base height of axis W. Fig. 280. 





t Draw a regular peptagpw abede for the base of the* pyramid. 
Find the centre of the pentagon v„ and join v» 0 with one corner 
b of the .pentagon. Draw v,h perpendicular to v,,b •Rpd make 
it«quK to the height of the pyramid. Join hb. Then, hb is the 
length d( the slant edges of t&e pyramid. From two ends of 
each ^de of t^se di^wycs^df radius Af intersecting in V„ V„ 
yj. V 4i v «> and join these points with {he respeAive corners of 
the base. The Are faces of the pyramid will be obtained. If 
these faces are raised on their bases tha'r vertices will meet at a 
poi&t the projection of which es v„*trffc cegtre of t£e pentagon. 
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4a . Develop the aurftsoee of a cylinder. .Fig. 390. 

• • 



The cylinder is given in plan and elevation as Nos. i.and a. 
Divide the cijcu reference of No. i into 1 2 equal parts. Dravf a 
straight line Ag and measure on it 12* times a division - of the 
circumference, then complete the rectangle hf for the develop¬ 
ment of the curved surface of the cylindai*by taking the height 
/ic=height of the cylinder. Draw two circles diameter 

of No. \ one touching the top line.jf the rectangle and abpv? 
it and the jJthej touching hg jnd below* iffor the top and *bottogi 
planes of the cylinder. •, * • 

49. Develop the surface* of a given oone : thy.. 

• The cone is given in plan ?i) and elevlyon (2). T)ivide the 
circumfrtence %f the plan, the base 0^ the cone, into ta’epual 
parts. , * * * * ’ , * * 

Draw an art from any convenirtit poiqt v as centre erfth 
radius equal lo the slarft side of the cone in elevation, and set off 
thtf 12 partsWthe circumference of the base on this arc. Join 
the two last points sRth the centre, ffhe sector vfi is the deve- 
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iopmeflt of the curved surface of the cone. * Draw a-circle of 
• us equal to that of the of the cone touching tl^ arc and 

• • 





outside the sector, for t?>e base of the cone. 


. Develop the surfaces of a w#dge, the two ends 
or which are ieosoWes triangles the length of its base is 
Mi * nd . hei » ht 1' Its edge is 12" long. 

• 



‘The pkn and elevatihn of the wedfee is given in Nos. t and i 
ABCD the base of the wedge if' x J'and the edge EF is t}'. 
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long. ^The, Height of the wedge is Grf shown in the elevation* 
it is not the real altitude of the trapezium AEFB igclined«to the 
V. P. from its base AB. For the*ilevelopment draw a rectangje 
rt ^=ABCOthe base of the w^ige. Take He in AB No. 2 equAl 

to half the width o^ the base i.e. — and join tG. From the 
• • , « 
middle points of dc and 4b draw pm and nt at right angles 

to them and equal to eG. praw p%rallells through* and m, eqtjal 
to EF, and bisected by the points e and m. Join the ends with 
a> b t c t U. Draw arcs with theswslant edges {6/1) as radii fro'm 
the points b and c t and d and a ; join be and ad with the points* 
where the arcs intersect. Then the triangles thus formed as* 
{beg) are the end faces of the w£dge. # 

?k° w development of the ot^rved surface of a 





GEOMETRICAL DRAWING. 


5f 

development of the curved surface of the cone wife the' slant 
side of the cope as radius and setoff the n< division; of the* 
circumference of the base of tkc cone on the arc of the sector. 
Join these points witji the vertex o f the sector. In the Elevation 
(a) transfer the points i, 3, 4, 5, and 6 on a side line of the cone 
for'the true, distances on the respective lines in the sector. 
Transfer these points on the respective lines in the development 
and by joiningwhese points the.develoBment of the ciirve of the 
ellipse is obtained. 

62. The development of the ourved surface of a oone 
is given with the ohord line drawn. Draw the plan and 
elevation of the oone showing the line. Find the length 
of the shortest line on the durfaoe of the oone starting 
from a point in the base and ooming baik round the oone 
to the same paint- Fig. 204. 



No 1 abc is a .sectors it is t,he development «of the curved 
surface Of a right'cone ; aS’ls joined. 1 Bisern the arc of the sector 
and divide one of thA halves into 1 r equal parts. t Tate a line On 
(No. 2) and nujke it equal to 7 divisions of the developed arc. 
Take another line in plan equal and parallel to it Draw a circle 
on thi|line t? diameter. Project the fip ends of the diameter on 
XY meeting it at O and it. With these tvo points on XY as 
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ctpnres, ana with be or tc the. radius of the sector at radiut 
intersect arcs for c tlie vertex of tha^one in elevatiod. Set off a 
division the arc of the sector orf the seijii-circumference of 
the base, it will conje exactly n times. Project these points 
on the base of‘the elevation, and join them ‘with the 
vertex, for inclined lines yn the jurface of the cone. Measure 
i r, 2 2, J3 &c the distances of the points in the chord Irom the 
arc of the sector and place th?m first on the side line of the 
cone in elevation from the base, and transfer them to their a 
respective places on the surface fines by lines drjwn from these 
points, parallel toXY.* The chord ab of the sjetor will then 
appear as a curve line found by joining the points last obtained. 
This is the shortest line on the surface of the cone from a point 
in baie aad coming round to the same pointy 

B&. A point i a given "op the developed eurfaoe of a 
oone; find its vcjsition in plcui and elevation of the 
oone. Fig. 294. 

. • 

Let p be a psint in the sector abc jhe developed surface 

of a cone. Draw plan and elevation of th#eone by the preceding 
problem. Join c gin the‘sector and produce it to meet the arc 
in the point d. Take‘the distance of the arc b d op the base 
of the cone as o d and join d with thj centre c of sb% base ; 

project the point d on the base of the elevation as 3 and .join d* 

• | •• 

with the vertex c in the elevating. Measure d p in thdsector, 
and place it dh a side of the cone in elevation from the 
base ; tijnsfer^the point p' by a line parallel to* XV on dc and 
the position of the point f it* elevation ij obtained. ^Project 
this poin^ in the elevation on the line dc\A the plat anfj the 
point p is found in plait • * , •».* ,* , 

64. Desktop the gurfaoe of a cone with a helical curvp 
on its surface. Fig. 296. * 

Draw phufand election of a cone as Nos. t and 2 and draw 
one'turn of ! helical ctfttfe on.the elevation (2) bf prop.* 30 
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»«*■ 272, Develop the surface of roe cone and draw in lh< 
sector* the tt surface lines 0^ the cone. M&sure the distances 



of the points of the helicaj curve transferred <pi one side line of 
the cone in elevation from the base of the'eone No. 2. and place 
them on the respective lines in the sector, the development of 
the sufface of the cone* By joining these points the development 
* of one-turn of the helical ^vrue is found. (No. 3). 

, 85 . ■ Draw the doweloptoent of a tin funnel, the upper 

portion of whioh ie frustum of a cone, the?lower portion 
is a cylinder. Fig. 386. • 

Tbe*tin funnel is given in elevation as abrftf on the line 
of of the mouth of^he funnel dlnw a semicircle for the half rim 
of $e Liouth, and on cd the base of the cylindrical portion 
draw another <semi arde. Dvvide the (wo setfii-circumferences 
into 6 6qual parts. Pfoauce'n# and fe thfc two sid^s of the mouth 
of the funnel to m&t at y in No. 1 the* elevation. With va as 
radius and froav v any other point as centre draw an arc for the 
development of the frustum. From ,v draw vf the middle 
radips of she sector and.set off oa$the arc 6 limes on "each 
side a division of the s^micircumference of a f (No .1) to find 
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a a the'two ends of" the arc. . Join aa with v and measure a b 
on them eqiftl to ab of No^ 1. With v as eentre Ind via* 



radius draw Unosher arc for the tlevelopment of the other end 
of the frustum; join b t> and produce. let t-be the middle 
point of b b. From e set off a division oj, the semi-circum¬ 
ference on cd I No i) six times on each side of it, to find the outer 
polhts b and b Gkjmplete Jhe Hctapgle c It b c for the develop¬ 
ment of tha tylinder bcdei ' 1 , 

' , I 

66 . Find the development of the surface of a sphere. 
Fig 2 $ 7 . 

A quarter of the sphjre is shown, by the semfeirde a a a 
(No i). Divide the arc of the semi-circle into 9 eqi^tl parts in 
a, at a, Sc and, draw_ from thejp •point? lines perpendicular 
to the ijiameter (fir the" points b* c,‘d, &c.‘ Let p be the centre 
of the semi-circle -or the pole of sphere. With p as centre and 
radii fb, be and pd t draw 3 more semi cities for the plan of 
the 4 divisions on, the surface of the quarter sphere. Bisect 
•the diviskm a a of the circumference in m and join an V. On 
a straight line set off 8 spaces jtach equal to one distance a a 
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of the circumference and bisect each of these divisions.' From 
these poitfls of • bisection draw .lines perpendicular to. the 



straight lin#;*on«these» perpendiculars set off the distance a a 
4 titfles whioh gives the development of the lines m p on the 
surface of tlw sphere. * 

• ftraw three lines parallel to the*base throdfclj th<r three 
intermediate points on the perpendicui.tr, and take half the 
distance of Mf it anS dd and place them on the two sides # of 
the perpendfculars on the three lines, to get the points c> c d on 
each side of jthe perpendiculars, mine the top point as p." 
Jqjn/rfcf a on the .two rjdes of ejch perpendicular If these 
8 semi-luoet be joined OB *theis curve linaS bringing all the 
pointsj> together a quarfcr sphere is obtained. This is'dividing 
the sphire by fonts.,. To ofitain the division of the surface 
by horiaontal slips Vs zones produce pa the vertical line in 
No i to n. Jojn the two points of the zrd®zone a„ a t and, 
produce & meet pa produced in' v. With y as centre and 
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vs, and ra,; as radii'draw twq arcs'to nfeetpa produced inn 
and n' and thenftj, n n’ a, is the development o( quarter of the. 
3rd rone from the middle. *• , 

6 X • A cylindrical plpt turned »t sen angle of 130* le 
to be formed out of a aheet of metal meaaunng QTjfQV- 
The arms of the pipe are to be Equally long.. BhowTlow 
the aheet metal ia to be out Fig. 988. 

• 

09 a 


l> 
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0 V * , , • • 

line equal to zi- ■> 3' parallel »o xy, ana draw a circfe on it as 

.. 3 * * 

diameter, Set off a division of <*f 1 2 time* on this circumference 


and draw the elevatior^of the dyiinder with the lines on its.l^rface. 
Bisect the mi&dle line m m at p and through p draw a section 
*ltne TIE at *30° with XV.• Transfer the* heights of the 
lines on the surface of the cylinder insthe elevation intercepted 
by BE to their respective places in tl^ rectangle wh*c{i when 
joined will give the development of the section line. The 
• upper portion of the cylinder if turned 180 0 on its axis in 
elevation to obtain the bent of 12o J 



CHATTER III. . 

ISOMETRIC PRbjFCIION. 

The principles of •isometric projection Enable the three 
dimtyisions of a solid to be shown by one drawing, which, in 
appearance, is somewhat similar to a perspective representation * 
with the additional advantage that the actual size of the solid 
can be measured direct from jhe drawing. • 

(This system,of projection was discolored by Professor 
Parish of Cambridge, about the year 1820.) . 

It is well suited to show the forms .and dimension* of all 
rectangular solids or solids bounded mainly by three systems 
oDpliqies mutually perpendicular, such as examples of wood 
work fee. For this projection only One drawing is Vequtred 
instead of several. • • 

In Isometric projection, -which is a particular case of 
ordinary projection, the object is always m a fixed hnd con¬ 
stant position with regard to the plane of projection i. e. the 
H. P. This position is such that th# three principal- axes or 
edges of the object fas length, breadth and height of a rec¬ 
tangular prismj shall be equally irifclined to the H. P.; and all 
straight lines parallel to them are drawn in proportion to the 
same scale. Its principle is based oij tfip projfctiflrwof a cube.' 
If a cube be made to rest on one corner upon the. paper,* so 
that 5 diagonal of tbe«solid is vjrtkSfl, i_tj plan will be represented 
as show* in the following figure* * • , 

The three edges oT»the cube (AB,AC,AO) terminating at 
one* end xif the solid diagonal (A) are an equally inclined to 
the ground and consequently are equal in length ir# plan and 
tliake equal angles between Themselves fs2o°l. TW three top 
faces »of th# cube are ABC\P, ABFIJ and $C£uT "fhe three 
lower faces are afcOE, *bFDE. afi(f**GBF» As the plans of 
the three*top faces yire similar and gqual figures, they are equally 
inclined to the ground. All the other lii^j of the cube are 
parallel ana equal ttf one or the other of the three edges AB, 
AC, AD. aThe figEre,i« easily copitructed a* tjje lioe^BG and 
BF make angles, of 30 0 with the projector from BV Draws 
line through B in plan perpendiculit to XV. which is the start* 

• I 
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ing line,of the figure and BA the edge wtych is' at right• 
angles to the 4 use aGBF is jjprpendicular to this line. The 


A' 



293. 


• 

figure stajts from the point B"wbjch is in. space and not from 
u which touches the grotfnd. * The* lines which ire parallel to 
* BF and BG i. e. the lines forming the taps and bases of the cube 
are drawn'gjarallelo to them, and the lines representing the 
heights o[ the cube as GC, FI), aE are drawn parallel to 
BA. ‘The base of the cube is fcclined at 54 °- 45 ’ to f-t 
ground.. 8 

The igure can easily >be tfrawis by two set squares one 
of which must have 6«° and 30 0 angles. Fig 299. 

The above reasoning only strictly applies to oblong solids, 
having solid right angled corners, but the same Construction 
can be very conveniently applied to irrtgular solids and solids 
with curved surfaces. 
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Isometric Style i — t 

Referring to the preceding projection of the cube it will 
be seen that the lengths of tha edges of the cube in the iso- 
metrit tiew can not be equal to their reallengths as they are alt 
inclined to the ground. ,, • • 

Thg projected leri|th of the edge a'E'WH-aE in plan 
j actual length of ad edge ^ a' B' _ a' A' _ 

• its projected length * aE A'E' • • 


solid diagonal of a cube 
, face diagonal • 

The two .triangles E'a'H and E’AV are similar as the 
L A'E'.t’ and L F/Ha' are right angles and £E’A'a'-E'a'H. 

But a'E'«edge of cube say=i. . 

E'A'=diagonal of a face - ■/ 2 
and *'A' = solid diagSnat of cube - V3 , 

, Actual length'of a liri^_.a'E'_a'A' _ v'3 
its isometric'projection aE’ A'E' - ^2 


The reductionun the scale of the isometric is— >» ’8i6 nearly 

* . ' 

1st method of drawing isometric soale. Pig. 800. 

Draw a iTne *nb of any lengfh, at one end/ of ab draw » 

perpendicular k equal to 
• ah Join ca ’Then ca is 
the face diagonal Sf a 
.•cube. ProduCe bn to d 
making W»« |ntf join 
tic ^then dc . Is the solid 
diagonal t>f the cube. 

Then V 3 j * the 
• db fv2. 

; a i isometric of dc is db. 9 fet 
■2 ^ * " off Sny seal! on dc and- 
from the different {Jivisioos 
draw (lines perpendicular 
to db, thsn the di/isions on db will be the isometric scale. The 
«cale on td is the natural scale and that on Mis th«wisometric 
scales Fig. 300.. 



300 
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2nd Method of drawing isometric scale 
The square face A'C'E'D' of^lhe cube is projected isometri- 
cally’as AC'ED' a rhombus j. e., the • 

line A'C' IS projected as AC' in tfie C* * • 

marginal figure. The diagoqaj C'D' 
and distances parallel to it-remain un- ( 
changed and the diagonal A'E' is 
shortened to AE in the ratief of •' 


a greater reduction than (he 1 


PI 

wm 


ischnetric reduction of — , It is 

r y 3 

called the minor scale. The isometric 
leneth of A'C' —*AC'. The angle 
ZC'A'A=45°andZ A'C'A=(45- 3 o)= i 5 °. 

Draw a line AH of any length, prom one end A draw a line 
. / at an angle of 15 0 andfrdhi 

u thegother tyad B, another Ime 

/ at S5 0 with AB; the two lines 

iK*' / / i • n ’ eet at **• ”^’ cn the isometric 

7 a s' - ^S — 4 —31 P I A o( AB ’ s Ab. Set off any 
* • 302 ~ * scale from A' on AB and 

• ' • from the different divisions 

of it draw lines parallel to Bb then the divisions on Ab is the 
isometric scale. Pig, 302. • • '' 

Isometric! Projection of a oube is given in fig 289 
and leomeRio fcalep by 2 thethods are ebewn in fige. 300 
and 302.. 


PJotk*:— Isometric sqaje Ts IK4 ordinarily used : The figure 
•is drawn by taking measurements ftom the natural scale ; its 
effect is to nvtke the figure appear larger but the similarity of 
form is retained. * , 

681 Isometrio projection qf a box without a lid. 
Kg. 30? b / 

' Draw the outside of tb,e 4 box cXBP'DF.Cfi by moving and 
taming a 30° set sqfiare in"contac.t with'the lohg edee of 45 0 set 
square v placed with that edgq,horizontal, and touching tne starting 
point Place the thickness of planks on the top edges from the 
■four corners ADKC and draw the inner lines ce &c. Draw a tine 
ieb perpiepdiculsr to the horizontal line a> ft from e add make K 
equal to the inner height Of the box, which is less than the outer 
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« * 
height, by the thickness of the bottom plate. Draw hk,'and ho 


•i 




The two parts of tfie rectangular ^iece of.K^iod are drawn 
with the joint ppened o*t. The figure is easily drawn by a jo° 
set qguare staring from Ihe ppint a. The face gklp the tfnon 
igrees to the back of ^he mortise g'kTp’. 

5 
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6d Isometrio projection of a flight of step* 
Fig. 305. • 

Three steps and one tonSing for the top are shown in the 
• figure. The wrtiKi of a 

,, tread tic is greater than 

s'' tile rise 'ac of a step. 

S' 1 >raw ah the* length of 

S s' s'' s's^ * Step in the right hand 
s' s' S' s\ • isometric plane ; r draw 

\yS s' s' s' s^ ac at an S* es t0 t * le 

. s' s' horizontal start line and 

\s s' s' s' sk rom l > ' e,e the rise. Draw 

Ny < ^fs' s' s' ° e ‘* l '^ "'*dth of a tread 

.L-» S' s' from e in the left hand 

isometric plane and 

• __complete the tread. The 

“ . - 305 . otjjer treads and laijdmj 

J , • ’ are drawn sinnlafly. The 

figure is a simple one. . , * 

01 . Isometric projection of a cross resting on a 
pedestal. Fig 306 . 

* The shaft of the, cross is to he placed centrally on the 
Spu.ire pedestal ‘The arm of 
the cross is rectangular in sec¬ 
tion, Its t[ll(kwi e«*s is reduced to 
make it pass through the hole 
m the slutt which is square m 
section First draw the isometric 
of the«pedestal and join the 
hqiizunt.il diagonal^ ef of its 
upuwi face. Take the two 
distances cs and (t each equal 
to half the d ifieiv nee <fi a side 
f»f the pedestal and a side c^f the 
shaft and draw sh and tk parallel 

£ to pe to vutet thV* diagonal ef in 
h and k 1 Measurp hg equal to 
a side ef the shaft, then gk 
joined i$ equal to hg and is the 
a other side of thfc base of the 

i *306 a - t shaft.»Complete the shaft. Y)raw 

mo and ov, the two sid°s of the hole on the left or on the right 





>K 
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siae oi snait as the arirf penetrates the left or the rigt« face. 
Draw the isomeflfc of tlie arm on these two lines. Tfle line 
qm is produced to r, the esfitme right point of the line. 
The di^asce mn«*gk and nr=S[m. * , 

82. Ieomatrip projection of the joint of tie-bar *<th 
the principal rafter. Pig. 307. * . • 



The jcfcit is shown by its plan and elevation. Draw the 
the isometric of the tie-bar and pla?e on ^distances fm‘and 
m'n' from thp plan, a is the foot of the perpendicular on the 
ti^bar from»the two* points q and p in the same vertical line 
on the two edges of t the principal rafier for drawinf it idbmetri- 
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cally. ,Only lines parallel to the three axes J>( a cube can bg 
drawn isomerrically For the Representation "of inclined lines 
on isometric planes the rgle l of right-angled triangle ,is to be 
adopted foj malting their revolted parts parallel tc ,‘.he two 
axes of a cube. „ 

Draw gnin and npq isometrically with *their respective 
measurements from the plan and' elevation. Jojn gq and 
mp which gives one face of the rRfter. Complete ‘he other 
face seen, 

63. Isometric projection of a circle and a oylinder. 
Figs. 308; 309. 

Draw a circle i R57 fig. 308s and describe a square abed 
about it with its two sides ab.be at 45“ with the horizontal 
direction. 
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touching points <yd the diagonal intersections of the/curve. 
Number these points as 1', s', 4', &c. By Joining these 
points the* isometric view of the circle is obtained. The portioh 
r' 2' 3' of die curve is an arc of a circle with Is'as centfe and b' 1' 
as radius and similarly the portion 5', (>' 7' is an arc of a ciscle 
with d' as centre. * The cylinder (fig 309) is finished by drawing 
two tangent* on the two sides of the ellipse and making their 
lengths equal to the heigtft of life cylinder. The base of the 
cylinde* is drawn similarly to th%top, only half the curve is seen. 
The ellipse 1' a' 3' 4' etc. fig. 309 is bigger in size than to its 
original the circle 1357 as the isometric view of the square abed is’ 
not reduced to the isometric scafc. In the square abed (fig. 308) 
draw its isometric a'b'c'd' and draw the ellijfce inside it by 
finding the 8 points of the curve. This ellipse is the true 
representation of the circle on the isometric p(ane, as the line ah' 
is the isometric of the line ah. 

• 9i. .Isometric projection of a pyramid and a oone. 
Figs,310,311 and.312. . * 

• • 



• * 

A pyramid cay conveniently be drawn in isometric 
by enveloping it in a rectangular prism of the «ame feeight 
as the pyramid. A.corner of the b^e of tbe pyramid must lie 
* • • 
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on a Vside of the base of 'the prism. Pentagonal pyramid 
is taken in tfie example and^Uvo ways of drawing the pyramid 
(one edge in front and one/ace i^ front) are shown in* figs. 310 
and 311. • * ' ‘ 



imagining the cane to be enveloped in a cylinder of the same base 
and height. In fig. 312 the base of the cylinder is drawn in 
isometric aid the height- is placed «as a verticil line fnfin o 
the centre of the ellipse.. The line oh is‘equal to the height 
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of the cone. From h thS vertex of the cone' or the centre of 
trie top face of t#e cylinder draw tangent lines to the ellipse of 
the base. The tangents touch lift curve at points nearer than 
d and n uie ends of the major diaifleter. t \ little greater than 
half the cone is < seen in the isometric view. In case of 
cylinder exactly«half of the cylmddV is*seen in die isomelric 
projection. • 

66. "laometrio projection of a wedge-shaped pleoe'of 
woods Fig. 313. . 



A wedge <sihiilar to one given irf figure 29a (Nos. 1 & 1) 
is drawn isometrically in fig, 313. Two views are given, 1 with the 
edge feelow and 2 with the edge upwards. In f draw liV the edge 
line first isometrically. Bisect it at a ; draw at), the heightWertjcally 
stflll draw dc through b, parallefto EF, making db and he each equal 
to half Whe least!) of the base* of the wedge Throigh fl and c # 
draw DA and CB th£sides of the $>aae.*Join Ajt, DE a»d BF. In * 
1 the base ft drawn isometrically first. Disc* the two sides of the 
base and draw the miSdle line of the Base. From the two ends of 
this middle .line draw verticals equal to the height of the wedge ; 
thaough thegops of tlfcse verticals draw £F the edge. Join AE, 
DE and FB. 1 gives a better view than *. 
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There was no nectj of using the isometric scale for the 
previous figures. They ire all drawn from the natural scale and 
the figures increased proportionately in all directions. The same 
reasoning is not applicable m this case as a sphere retains its 
full sire and form it* whichever way it is raised and turned. 
The sides of the cube, will he _ reduced in the isometric view 
and if both tire cube Itnd the sphere tie drawn on the natural 
scale, the sphere remains .the same, byt the cube is much 
enlarged Sind the proporOioa of t'tfc copibination i^ altered. 

Draw a square of side equal y> an edge ofthe cube and 
draw a circle inside it. Draw the diagonals and the other 
lines for <_the 8 points of the circle. Draw Ab the fcometric of 
AB, Snd transfer the* measurements AE, EC, CD from t K “ 
natural «lind to the isometric. Draw the isometyc of the cube 
‘starting frpm S with tbd.ctJgs—Ab the isometric length. Draw 
the ellipse on its fop face representing the circle there. 
Find the centre p and draw pO at right angles to the base line 
from p and equal to*.dr the height of the centre of the sphere 
reduced isometrically. With O as centre and radius equal to 
AC theiradius of the sphere from the nStStal scale draw a circle 
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which’ will represent tHe sphere, touching -the top pltu^ of the 
fcube at p. • . t 

07. Ioometrlo projeotlofl*of a king post rooftruya. 
Fig. 31&. 




CHAPTER IV. 

DESCRIPTIVE (JeOMETRV. 

The principal object'd f)escriptiv| geometr^ is to represent 
solid figures on a plane surface and the graphic solution of the 
problems of solid geometry. * * * 

•Pure solid geometry treats geometrically the relations Ahich 
espst amongst points, lines and surfaces in space but by practical 
s^lid geometry we can show on paper, which has only two 
dimensions, forms of figures in sfiace of three dimensions in 
such a manner that the positions and formsscan be ascertained 
from the drawings* 

Like orthographic projection the objects in this case are 
projected perpendicularly to two co-ordinate planes which are 
considered as indefinite in extent. The HrP. is extended keyo'nd 
the V. P. and the V. P? below the H..P. (Fig. 316.) 



The combination of co-ordinate planes used ii> ucscnpuve 
geometry is shown in fig. 316, which‘shows (pur sets of 
co-ordinate planes, or as they are tailed ^dihedral angles." 
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, The first set of coordinate planes formed by 1 “, jpe front 
of the vertical pfhne with S, the upper surface of the H. P. and in 
front o^the V. P is called the ''first dihedral angle.” 

TJhi second set of coordinate planes farmed by P, the back 
of the vertical ijlane with R, the upper surface tf the JJ. P. 
behind the V. P. is called the “secfidd dihedral angle.” * 

The jhird set of coordinate planes formed by Q. the back 
of the Uwer vertical plan* with U, the under surface of the H. P. 
behigd the V f . P. is called the “third dihedral angle.” 

The fourth set of co-ordinate planes formed by Q, the front * 
of the lower vertical plane with S, the under surface of the front 
portion of the H. P. is called.the “ fourth dihedral angle." • 

(it A is a point in the first dihedral angle and a and a’ are 
its plan and elevation. 

* (a) C is a point in the second dihedral Sngle and e and c' 

are its plan and elevation. • 

(3) D is a point in the third dihedral angle and d add d' 
are itswplan and elevatton. 

* (4) B is a point in the fourth dtheflral angle and b and b' 
are its plan and elevation. * fFtg. 316.) , 

The line wftere the two co-ordinate planes cut is always 
named XY and.called the ground line. * 

If then horizontal plane R S is aurned as shown, by* the 
circular arrow-head it coincides witlf the vertical plane P Q' 
and fig. 316 ajtpears a# fig. 317. 



• * - 

Fig. 317. Np. 1. The'projection is seen in froBt of the 
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vertical \lane P Q with XY as ground line ; the plan a appears on 
the lower 1 side ,of XV which is the horizontal 4 plane and the 
elevation a' is shown on the uppfi’side, the vertical plane. 

In no. i the horjzontal plane coincides with the V. n and 
the plan ant? elevation of C appears on one side of XY i. e. 
In the vertical fllane but behirta it and so cannot be seen. 

In no. 3 the horizontal plane coincides with the upper 
vertical plane, the plan d of the paint 1) is seen on the elevation 
and the elevation d' is seen on the lower side of XY which is 
Vhe vertical plane for cases below the H P. The points all 
appear behind the V P and cannot be seen. 

In no. 4 the horizontal plane, coincides with the lower 
vertical plane, the pjan and elevation of the goint B appear on 
one side of XY i. e the lower side of it, and are covered by the 
horizontal plane and so cannot be seen. Only the points of the" 
first case are visible. • 

Prom fig. 317 it will be seen that the perpendiculars drawer 
from, the projections of a point to the gifxmc! line meet* it in 
the same'point. This 1? the same as *10. 4 of* the rules of pro¬ 
jection. * * 

The problems of descriptive'geometry are made easy by 
finding (Alt the traces of lines or planes with tjft: co-ordinate 
plant’s. . • ■ 

Traces:—The point where a line yt space or the line 
produced meets the horizontal plane is called the horizontal 
trace of the line, and the,pomt where it meets file V P is called 
the vertical trace of t(je line. The line of iniersection of a 
plane or a’planet produced with' the horizontal plane is called 
the horizontal trace of the plane and the line in which It igter- 
sects the V P is the vertical trace jvf the plane. t 

Certain theorems in solid geometry are self-evi&nt and may 
be taken as ajcioms insane geometry. ' ’ 

1. T^ro ’ straight lines which cut one another ire in 6ne 

plane. * , «_ 

2. {f tw i planes tut one another, their comigon section 

i» a straight line. < «„ 

3. If a straight Jme be perpendicular to each of two 

straight lines at their point <sf intersection, it shall also be per¬ 
pendicular to their plane. 1 

4. Every plane which contains the jtprmal to another plant 
is perpendicular to that plane.' * 
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V If* two plants which cut' one another both 
•perpendicular toaa third plane, their common action •shall be 
perpendicular to the same plants* 

6- t *,Two straight lines flitch are perpendicular to the same 
plane are parallel to one another. * • 

7. Two ^radght lines in space which are .each pAallel* 
to the same straight line »re parallel to one another. 

8. ^ ff a straight Ijgie he .parallel to a plane, it shall be 

parallel to the line in which any plane containing it cuts'the 
first plane. • • / 

9. If two parallel planes be cut by another plane, their 

common sections with it shall be parallel. . 

10. Planes to which tilt same straight lijie is perpendicular 
are parallel to one *iother 

. 11* The projection of a straight line %n a plane is a 

straight line, because it is the intersection of a plane, containing 
the straight line and perpendicular to the plane of projection 
1 with tl^ plane. * 

• 12. If two straight Ijnes beat righf angles to one Another, 
their projections on a planeapurallel to any one of them shall 
also be at right artgles. . • 

To find out the angle which a line makes with a plane Let 
one end of the‘line touch the plane gild from the other end or 
any point ot the line, draw a perpendidklar to the plane ; join the 
foot of the perpendicular with the trace or the (joint where the 
line touches thf plgne. The angle# which the given line makes 
with this line is the angle with the plane. ^Fig. 318.) 
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VP wit\ c. The L bac i. t. L t> is the anfcie which the line-makes 

with the'VP, {Similarly L abd i. e. /, < is the tingle which the 
linj makes with the HP. *•' 

To find out th#: angle, whit-h a plane makes with another 
, planj. In the common sectjon of the two planes lake a point 
and from that point draw two lines, one in each*plane perpendi¬ 
cular to the line of intersection of the ftvo planes, then, the angle 
between the tvfo perpendiculars is fihe angle between the 
two.planes. t • 

Let P and Q be two planes meeting at an acute angle. 
Take any point C in XV the common section of the two planes, 
draw ca and cl> perpendiculars to KY in planes P and Q respec¬ 
tively. The L art) in the plane acb is the angle between the 
two planes, tl'lg* 31 <j.) 

p 7 


6 


. ' 319 

A lift * cammnktrwiiti a plane any angle from n° to ( p° and 
tlft .sunt* of angles whit it ^1 line make's with the two pkvies of 
projection can not be m»te,th.uv<)0 . 

The sum of the angles which a pl.i,ne can m.ikt' with the two 
co-ordiniUe‘plam'S lyin tire least 90 and can not be more than 
1S0 5 . It c is the least when the plane is perpendicukir to Are of 
the cd-ordinate planes and paralli! ip the uthi r ami greatest win", 
it is at »iglitpanglos to'the VP as ivgll as to the HP. , • 

Alt is a line iiHinetf.it (in aiigle •: with;the- HP and placed 
touching the vertical (plane as AH. From I) draw lift perpendi¬ 
cular to the ground line Wand with C as 1 'centre and CA as 
radius draw n u ad PA rtf of a circle AA, on tha HP. Joiry A,B. Then 
the angle CA,B is < and L CBA, is the angle wbifjh the line 
AB makes with) the VP »>., L B. (Fig. j 5 o.) 






I he L BA,( '■>./- < But / AjllG is not the angle which A, 11 4 
makes with the VP. From V, draw A,d at right angles to XV. 
Join dll. The» the angle dliA, is the angle which A, *H makes 
with the VV. . • 

Problems.— * 

88. Determine the projections of a line 2 long mak¬ 
ing an angle of 46 with the HP and 30' with the' VP. 
iPig. 321.) • 



The eonstructlon, i| similar to ftg. 25J mob. 17. First 
the lengths Ab .and Ac {flan and elevation respectively of 
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% • .• . < 
the lin\ when it is inclined at 45° with th& HP and 3,0° with the 
VP, separately, are found. Then these two lengths are to be 
placed in. their respective positibns so that one can be projected 
from the other. Imagine the line first placed touching the VP as 
AB' t showiri| its inclination with the HP. Tfee line can then be 
’ turned eithea keeping W Md A fixed or the etid B' fixed. In 
the figure the end A moves. ‘ , 

, 69. divert the projections of liAes, to Bad their* traoea. 
3 caeca, (fig. 322) ( • 



Produce the elevation of the line to met! XY, and from th£ 
point, dpw a line perpendicular (9 XY; and where thfs perpendi¬ 
cular meets the plan produce^ is the HT of the line. Sinilarly 
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draw a perpendicular from the- point where the plan induced 
meets XV, and where this perpendicular meets ttie elevation is 
the. VT.V the line. In case.II the*plan meets XV beyond the 
point where the election meets it, so the elevation is flroduceij to 
find the V T which is in tlge 4th dihedral angle, In Vase III the 
elevation nYeets X\ heyoiijl the pgint, where the plan meets it so 
the pltyi is produced to find the^H I' in the and dihedial angle. 

70. To find the projeotiooe of a line, its traoee being 
given. Fig. 323 



Iron* the »two points BT a AH VI' cTa line jvhich'are given, 
draw perpendiculars to XV» The cKvatiim of the liye is rtiund 
by joining lly? poim, where the perpendicular Tiom the yT meets 
with the VT of the line, afid ihe plan, h\ joining the Iff jif 
the line with the foot of the pet^enicular Jtoin the V I*n case < 
II the projections ol 3 ie lin? are feuitd'ljy orisducing Vie lines 
thus obtained. In case III ihe HT aad V r are so given tiny Ihe 
perpendicular from them to XV are the projeCtfons of the line 
In 4 his case Ihe line is in^gilane whiqh is at righ; qpgles both 
the horitontal and the vertical planes, 

6 





GEOMETRICAL M&WING. 

(\ The Projections of a line being given, to find its 
inclination to eaoh plane and its true length. Fig. 824. 



a'b' is the elevation and ah is the plan of the line. With a 
as centre and ah as radius draw an arc hd to meet the horizontal 
line ad from a. Then the plan is put parallel to the vertical 
plane. Draw the ground line through />', Projrct from 1 d to 
meet the ground line at IP. Join'IVu' winch is the true length of 
the line. Then a'lPC is the angle which the'line makes with the 
hnri/dtital plane ie, 2< From h’ draw b'JJ perpendicular to 
aV tl>e elevation. From a as cenire and with aTP.is radius draw 
an arc-to meet b'H in if Join a'B. Then Hal)' is the angle 
which the litfe makes with the vertical [pane i e., / B. 

’ 72 The horizontal* projection of* line and the angle 
it forms With the HP are given to find its vertical pro¬ 
jection * Fijj. 32Q ’ , 1 • 



ah is the horizontal projection of a line and is the ^igle 
whichr it mekes with HP. With a ns centre and ah as radius 
draw the arc 6 f to meet XT in c. From a draw ab at 130° with 
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jiV. From, c draw eft perpendicular to XV U> meet mi in B, 
i hen aB is the lijfigth of the line whose plan is a/’t In turning 
re to the-posiiion a/> the In nglit ifif is unchanged, f rom It draw 
MB' paratm! to XV. 1’roject frtmi b to meetjt/'' in t’. Then ah' is 
the elevation of thejine. * 

• . • • • 

98 The vertical projection of a line atfd ite angle 

with the»HP are given to Sod ite horizontal projection. 
Fig 329. • . • . 

a*/' is the vertical projet turn of a line which is inclined' at 
to 0 with the HI* Draw from h‘ a line Iff! luirlined at 30 0 with 
XV Draw hb perpendicular to XV. Then liC is the length o’f 
the plan of the line With li ,fs eentie and hC as radius draw (la 
an arc. Draw a hue perpendicular to XV fifnn a' to meet the 
aP' in a. Join ha then ha is the plan. • 

99 The plan and elevation of an angle being given 

to find ite traces and the true angle. Fig. 327. * 




m0m cah' is the elevation andj-n/t is the plan of an angle, Prdduce 
a (' atid t ab‘ tp meet the ground line m e aiftl f Preset <rom*e 
and f to meet ac a»d ah yrocnced mjf and H respecjjvely. C ‘ 
and B are»the horizontal tracest>fThe an^e.* From 11 draw ai 
perpendicular to BC. «From i in clevagon draw iC, perpendicular 
to XY. Take GH ^qual to ad and join ilk. • Produce da and 
lakp dA in if equal to*IM. Join AC and AB. Then the angle 
BAC is the true angl* Rbtaiged hy throwing<h* anghaon the 
horizontal plane by turning on.BC. 
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1( 0 From the H. T and V. f. of a given plane, to 
determine the angles it forms with the two planes of 
projection. Fig 328 •• - 


v 





TM and TV art; the horizontal nmd vertical traces of a plane 
In TH take any point ti and draw *u perpendicular to TH to 
meet XV in c. From c draw id' perpendicular to XV to meet the 
vertical trace in d 'Fake <// m W equal /o m and join hd. 
The ichd is the ani^e which the plane makes vith the H.i‘. 
Similarly the angle c'kg i> the angle which the plane makes 
with the V I’* * t 

101 . T 0 ^he true angle between the H T. and V.T 
of a given plane, fig. 3 £ 9 . 



HT and VT arc the horizontal and vertical traces of the 
givep plane. Take any uoint H in HT and draw Ha perpendi¬ 
cular tc HT meeting XV in a J*’rom redraw aV perpendicular to 
XY to meet tlje vertical trrce in V. Produce Ha and from T as 
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centre and XV ;cs radius draw an arc in meet Ha prodded in 
s'. Join Tv’. Tnen <HlV i«f the tiu<; anjjlo* between the 
HT and VT of the plane. , * 

• 1 • . 

102. Determine the traces of a p'ane IncMSed at 45 
a) with the H P t . tthd f(0 t(ii witlkthe VP . * 

I Bv the projection of a line perpendioular to the 

plane jjig 330. • , • 

II • By the conical method Pig 331 



Theorem: —If aline he pcrppndicular'to a pl.rnc>jhe plan 
and elevation of the line are respectively |?er[iedUiciilar to dig 
horizontal and vertical trices of the plane. t 

I. Big jjo Draw jAtn aiVi « ft-vanon of a hne'pttpendi- 
cular to the plane and imlif^rd at 45*' o;o a) with the HP aittl at 
30° v‘>o £ with the VP iprou. 18, fig i53*. Urt Ah' Mid Ab he 
the elevation find plan of tin; line. From any point c' in &W <jraw 

at right angles to it meeting XV in T # From Tdraw Ttf 
at riglft gngles^o Ab produced meeting it a t j. Tfien *vrn 
are the traces of the inquired plfn^. * *• # • 

II. Thl problety is solved by iniagmlis two semi cones, 
of pioportionate sire wito tlieir slam sat-s, fonpijrg the necesiary 
angles to the two planed of projection and their axes meeting at 
the*ame point on XV. 'J'Ijb required,plane is tangential to the 
two cone*, that is, its,traces will foucli the bases of tne cones and 
pass thrtfugh-their vertices To Imflt the dimdhsions of the 
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two crimes their sides should be*tangential to a sphere, the centra 
of which is tilt* point on XV in which their axes meet. 

Select <r any point m XV in which the axes of the cc/ies meet 
and draw caM through a perpendicular to XY. With <i as centre 
and* with any convenient «»dius nd draw i. circle. Draw two 
lines ///and h\> on two sides of ah' inclined at 15° with XV and 
touching the cucumlercnce of quarter sphere ad and meeting 
ah * in//. Then b'gt is the ‘small vertical cone showing the 
inchnation ot the plane with the I* Draw it> semi b.i\e Rfk 
on the horizontal plane. Draw another two lines <v and ch on 
die horizontal plane on two sides ot ca inclined at ho 0 with XV 
and touching the cireuinter*, nee' of the quarter spheie and 
meeting tie m c. ' Then <///■ is tin si-nu Iumm /nt.il com* showing 
the inclination of- the pi nu. with the \ 1 * Draw its semi base 
tune on the vcrtuul plane Draw Irotn b and < two lines touch 
mg the circumferences ot the basts ot the com s and meeting 
XV in T. Then V I* 11 ale the tract s of jjie plant 

103 - To determine the projections of a straight line 
which shall contain a given pou t and make given angles 
with the planes of projection. Fig 332 . 



v > 

v 


Letethe given pofirt <Se,P represented by its projections/ 
and/. Suppose the. line is inclined at 45 0 with the«HP and 30 0 
with the VP From/' dra'w a line p'h at 45° with XV and /V at 
30 0 with p'h ; from h draw b, • perpendicular to /V. and from /' 
draw p'd perpendicular to XV. Then p*c */s the length of /he 
elevati6n. and' bd, the length of the plan, of the line passing 
through P and .-making tht* given angles with the co-'brdinate 
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planes Wit|)/' as centre and /)V<is radius draw an arc intersect' 
ing XY in a'. Join p'a' which is the elevation. Wi*h p a/centre 
and radiiu equal to db describe* an arc ; project from a' U> 
intersect <Tte arc in a. Join pa %hich*s the ftjan. 

104 To determine the horizopjal projection of a gi vn 
angle 0 when the line* containing it make*anglefl of 
" and p reflectively witfi the horizontal plane. Fig 333 

* • • • 



Let the given angle BAD=ft=$b°. Let AH be inclined 
at 6o° with the HI* and AD at 45 0 with the HP* Place the 
inangle BAD on the VP with the *p< 1 int dp XY^ 'Hi tin aB is • 
the plan of AB. From the point A draw AC at 45 with,XV and 
with A^as centre and A£ as radipp dftw arc CD intersecting *AD 
in D. Jofti DIJt 1 Now revoke the tn,Ingle ABJ)«on AB till AD 
touches the ground to biipg it into its,proper position. •The 
lengtl^of plan of AD or AC is uC With a centre and nC as 
radius draw tin arc and with B as centie and BD as radius draw 
«WrWjiljer arc intersecting the fitft arc in C'. Join BC\ Then*Ba£' 
is the htrizonlfd projection of the angle BaT). I • 

105. Determi ne thef trace* df plana contaiAin g two 
given intersecting Jines, AC and BC. Fig. 334. 

Let a'c', c'b' be the elevation ancf ac t # the plan of the 
intersecting •lines A(J, BC intersecting in C Find the H P of 
AC and BC%nd VT of 46 and^ BC.. Join the.t^o H # J’s and 
the two # V.T’s they yill meet the ground line in the same point, 




8fj OF.ONif.THig.M, DRAWING. 

and are the traces of the plane dontainiivj; the two given 
lines A(' and BC. t , 

109 Given the projbctioea of two lines which are 
not in thru same’plane, to determine the traces of a 
• plaae which shall contain one of these lines and be 
parallel to the other. 'Fig. 335. 


v 



Let 'All and PQ lie ihe givei\ lines. If a ,line he drawn 
parallel to P(,) from any point of AJ> and a plane be drawn 
containing tins line 'and All then it will contain Allan' 1 he 
parallel to l’Q Find the trares and M of the line 
Through ait; - point a in iib, the r plan of AB draw a lire PlaR 
parallel topi] thcjjlan oT i’h' I litongh n\ the projection of a 
on tlte elevation n i' daw KYN’ parallel to .P'Q’ the* elevation. 
Find k' and N the traces of the line RN dr^wn parallel to PQ. 
Join MR'and NL and produce them to meet XY in T. Th*-n 
NTM afe the traces of the required plane. 
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l67. To' find ttfc pointy of intersection of k line 
atid a pland Fig 330 f 


•# 



and VT, H r eiie traces of the given plane. Immune a 
vertical plane /*’> containing the line# AB intersect the gifen 
plane. Its H.T. will he e f > coinciding with the plan. of the 
line AH and its V 1*. *is ef pttpendicular to X # Y. Kind the 
vertical projecting //#of common section of feb and the grven 
plane. The point c where // and n'b' mfeisect is #the vertical 
projection of the point required. 9 P^ojtfct c on ah % from <? 
which is the plan of the point # t # 

108 Determine Ihe proj#£tiop&#f a line, which shall 
contain a giv^n point and oe perpendicular to a given 
plane, and to find ite trd# length. Fig 337 ^ 

• _ 

l!bt a end d he the projections of the piven |>og»t A and 
jsrv the traces of the gmfn plane From n and a‘ drfiSv nc 
and $c % at ryjht angles to l^T and V I’. 9 Producer to meet 
XY in t >; draw ee perpendicular to X^ if meet k r T in t. From ' 
</ where ac intersects flT draw da* perpendicular to XY. Join 
a'<' intersecting «V in**'. Project c ot \ac from c Then a'/ t and 
at are the projections of the line from .V perpendicular to 
HTY. J)rawM parade I to XY and equal to ca. Draw «'h! 
parallel to t\ and prrtjefct //.from*// Join Fd'.e Then ch' in 
the true length of the one which is nqjv parallel to the VF. 
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to a 


l(fcj From a given point to draw a perpendicular 
given line. Fig. 338. ( ' 



• • 


Let./ and / be tin- •given point and ab* and <V/, the ^ivci> 
line. The problem is solvtd 1>> drawing a plane containing 
the •point P and perpendicular to AH and then to find the 
projections nf tlie lifte joining I* with tfie point where AH 
intersect^ jthc plane. • The cr.yces of a plane perpendicular to 
AP are perpcnfliculat to the plan and elevation of AH Through 
p draw 'pr at right anglefc to ab meet’yig XV in r. Krom p' 
draw p*R* parallel t<^*Xi’ ftraw, cR perpendicular to XV 
meeting />R in R Through R diay VT perpendicular to ah' 
the elevatrpn of 4 he "line and frflm T m XV draw TH 
perpendi#ilar to ab the plan. Then VTH contains P and i" 
perpendicular to AH. Now it is required to find out the pojnt 
wfiere «the fcline AH Intersects thtj plane V'TH. Let TH meet 
ab m c t Diaw Cc pefj^ndicukr t^> XV ( Let u6 produced 
meet XV in d. *D^aw da pfrpendicuLr 'to XV tweeting VT 
in d*. Join d'c intersecting ab in a' « Project a from a. 
Then a* and a ara the elevation and pl.^ti of the point where 
AB meets the plane VTH. Join p'a' rnd pa which are plan 
and elevation of the perpendicular from the poiflt P to the 
siven line. 
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110 Project the ^nterasction of two planes A^rd B 
Inclined to the* HP at 46° and 80" respectively and 
perpendicular to the VP. FiJJg 339. 

UteV'T'H' and VTH l>e»the traces of jhe planes II and A. 
As they are only inf lined to the HP their vertical* traces # will 
make the given* angles with XV ’a'ml fhetr horiaonlal traces 
will he at,right angles Ai XV l.et V'I 'and VT intersect in 
c\ Project c on XV from*c', draw cd peipendicutar In XV whjch 
is the plan of the line of intersection of the two planes, and the 
point c' is its elevation. 

111 Project the intersection of two planes A and B 
inclined at 60 and 30 to, the HP respectively and their 
horizontal edges parallel to the ground line- Fig 340. 



As She tglges of the .plants an- ‘fforizontjl and parallel to 
XY the planes' are inclined in front and their line of intersection 1 
is parallel to XV. Draw ni inclined at 6r» and 6/;' inclined at 
jo° with.tlfc HP intersecting in 1. 'these are*the side 
■owaws of the two planes A And B. Draw through a' a vertical 
line ’7.Q7/ iiifersecting M' bp b' and tfie ground line in 0^ 
representing the sideaplane, 14om y *f cent fk and \fith on, ob 
and er as radii draw arcs intersectTng <>/.' ip tltree points. Draw 
from a', (>' and thrftwo lower poi*ts in oZ' lines parajlel to 
XV for the horizontal*and vertical traces of tlas two intersecting 
plfnes Dr|w from • I and the point where oi'transferred meets 
oZ lines parallel to XV fo? thcprojections of tl*r 4nterst*tion of 
the twef planes. * . • ■ * 
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llV Proieot the intersection bf two planes one 
inolinea to the HP and the other parallel to the HP antf 
.‘".above it. Fig. 341. «< 



' Draw VTH the traces of the plane inclined to the Hi’ 
only and draw a line parallel to XY »t a height of ’"-from it 
intersecting VT in a fl>r the VT of Jhe intqrsrcting plane. ' As 
it is parallel to HI’ it has no horizontal trace. Project /> in XY 
front n. Draw /v parallel to TH for the plan of the 
horizontal trace of the line of intersection the elevation 
is life point a. a , 

113.*, Projeot the intersection of two oblique planes. 


VBH' and YAH are* the traces of’two oblique pianes 
Let <■' he the point ‘where the two vertical fuces intersect and 
d the point where the horizontal traces jnteriect Then o' andad 
are the a aces v>f the line op intersection* Kind c'd'and cd the 

projection of the,line (proh. 10 fi». r’D- ‘ 1 
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114 Determine *the tr.acas of a plane which ^iall be 



• • 


let hV and* Hv he the .(‘Novation and plan of the line 
and let the pin*.* l»c inclined at 60 with the HP Kind li and V 
the horiznnLd and vertical tiaces of # the line. 1 he tracer of 
the required plane will pass through these points, Now 
imagine a cone witn tfae slant side inclined at* ho with the 
HI' placed on •thc t horizontal plan**, ns vertex at any point 
C on the line HV. The required plane Gill lie tangential to the 
cone and its horizontal trace giirtist toifch the circular base . 
of th* cone. From C a point in h\? draw aline ("h at 6 p° 
with *V and (’a perpendicular to it.» With i (plan in* Hv> as 
centre ar*i ab % as radms draw a*circK* ,# Froin jl the horizontal, 
trace draw a Iftie, tangential to this circle^ meeting XV in T and 9 
join TV. Then TV, TH are the traces of th# required plane. 

115 determine the angle which a line inclined to 
B V>th planes of projection ftvill make with a given tJlane. 

f . * 4 ♦ m 

Let HTV he the*trace«*of tfiej)ltn62md «/£ ah' th« plan and 
elevation ofrthe given line From any poi$ B in the given line 
AB draw a line HD, fhown by hd and*£c/ in plan and elevation, 
perpendicular to the plane HTV and find ih2 Angle between BI> 
an<i BA Tjte angle Xhich BA makes with the given plane is the 
compliment of the angle*which 411) makes with Ora# Wand 
h'i perpendiculars tb HT and-VT aUd find r»nd*f the horizontal 
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tracesJof the lines BI) and BA. From 1 > draw b/> perpendiculu 

to/r produced Then Zcbf is the plan of the'angle between BI 

and BA. To find the true, ahgle the angle cllf'is to be rabater 
Oil the HP on tty line >. T«lip plan of the altdiuD of the 
trnuigle cUf is *4 and its elevation is «‘ 6 ‘ jl’ake g't equal to g/ 
and join H'. Then‘Wit the length of the altitude of the 
triangle. Produce gh to B making e*H equal to i/>\ Join Be 
and Bf. Thcfl cBf IS the Hue angle between HI),and HA 
Draw Hr perpendicular to Be, then Z/Hr, the complement of 
ZcBf is the angle which B.V makes with the given plane YTH. 

. 116 To find the traces of a plane which shall contain 

a given point and make giv«n angles with the planes 
of projection. Pig 345 , 



■ « 

Let,p and p' be the given point and 45’ami 6o° he the 
required angles of the plane withjhe HPand VP respectively 
Through l{ie point P a line is tq lie drawn inclined a( (<,0-45) 
* with the.H P and at fi^6j) 0 wah tjie VI} I,et 'pc and p c' be 
the plan and eleviltifm of this Idle. The question now if to draw the 
traces of a plane which shall contain the point P and be perpendi¬ 
cular to the liive P C (see construction j>f prop, r 09 fig 338), 
From p draw p Q at right angles to c/>, dnw QQ' perpendicular 
to XV,and dww>p’ Q' parallel tq,XY Inleting QQ' in Q'. From 
■Q'draw V Q'Tf perpendicular to c'/'produced. FromiT draw 
t 
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TH perpendicular to (} produced. Then V1H are the traces 
?jf the planet • , • 

117. Find the rabatemeitt of a given point A on the 
HP wljreh lies in a given obliqutf plane V T H. Fig. 348 



I,et VTH*We the traces of the given oblique plane anji A 
a point in it. The projections of thi-Jpomt are n' and n when 
the plane is inclined to the two co-ordinate plain's., l’rorfi n draw 
ac perpendicular to H'l* and draw <r'^ perpendicular to XY At n 
on ac draw aA (ferpendicular to nc and join Ac. Then 
Ac is ihe distance of the point A m.the plrpie from fts horizontal _ 
trace. Produce nr to A' making V’A' A.« Then A*ts thrown 
on th* H P. , . ’ 

118. Determine* the, angle t»ts»een two plahes both, 
of which are inclined tp each of the co-ordinate planes . 
but in opposite directions; their* traces being given 
Fig»347., * * . 

Let VTH and VT'H brittle traces of the two planes. • Kind 
K the projection V r»' and H b' of the line id inlersecjon between 
the two places. Through a»y poirye/ in ,\W draw PQ at* 
right angles to it terminating in I*afld fj oq HT and HI 1'rom 
b‘ with radius b'f and b'H draw arcs ^netting XV in/' and d. 
Join dV Then b'd V is the inclination of tfie lino of intersec¬ 
tion with the HP. Jbraw /' c perpendicular to dV. Make fN 
in H b' crjuat to f’c aad join, PN’.and N Q.. I'hen £ N Q i« 
the angle between the two planeg. If fN' be taken equal to 

* * • 
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f'e ani P N' and N' Q be 'joined the an^le P N' Q is th« 
plan of P N Q'. c . 

• e- 

119. From a.given^oint to draw a line ter Snake a 
, given angle with a given line. Fig. 348r 


v 



1 A't <r t a' t and B P, b C art- the plan and elevation of the 
■given pctff.t A and # file, givfn* line J 1 C The line from A will 
nVaky 30 J * with BC. Kind the traces VTH of a plane containing 
the point -A and the ^rn<* BC or, two given intersecting lines 
AB ar.d BC tprob. io5. f fig 334). From l> draw b fB' perpendi 
cular to H'l\ MakeVr - hf and join B e Make f B. - Be. tFrom 

ii a 

a draw a A' perpendicular to H T and make g A,' -a'r ag -» KjA 
Join B #, witl$C and from A' draw , A'D at 30 2 wit,h C V.' v The 
point A aild the li»\e BC k? thrpwn 0*1 the*- ground as A' and 
B C. These are to he raised to their original position with the 
point 0 .' I)raar-D 1 d parallel to B'b (meeting C b in d. 
project d' in BC from d Join ad’ and a d* These are the elevi. 
tion and plan of the required line from A. , „ 
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l.et VTH lie the traces of the given plane. From any 
tftnvenient point II in X VTIraw Ba at 45° with it meeting VT in a. 
Draw V n perpendicular to»XY. Now the line a'B is to be 
;urned till its other end is fln the H F. Then the whole line 
1 ’B will be in the pfane. With a as" centre and aB as radius 
draw an arc cuttwjg HT in h and A, and Join ab and ai’ then 
ib or ab , is the plan Project IV and it" on ,\Y from b and 
b x and join b'a' or Ifa’ for the elevations? 

121 Rotate a givrfn quadrilateral figure bn an axis 
till it forme an *ngfe of 45 ° with tiha plane of the original 
figure. Fig. 380. 



Let'ABCD be *the quadrilateral, lying > 00,the HP and 
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it rotates on e A' as axis It i» roquired'to find the plan of ABQI) 
when it has rotated 45 0 on the axis t A". From the four points 
A 1 ICI) draw p< rpendioulajs Xg, He, CM, and IJk on the line e K 
and (rom t^c pointy g, e, M and Is draw' gh, tf, Mn amiiA'/at 45” 
with the perpendiculars and equal to them From h, J, n and l 
draw ha, fb, wand w ;rt "right angles to Ag lie, CM, and I)K. 
Join ah, he, cd and da Then a b t d*i s the plan of A BCD. 

. 1V2. Determine the* projrWition of an equilateral 

triangle ABC of 1" Hides its surface to be inclined to the H 
P at an angle of 00” and one of ite edges at an angle of 
.45”. Ktg 351, 



From 1) ijny poiftl in XY drew DFat 6o°.witbdt. This is 
the.VT of the plane whit h will contain the equilateral triangle. 
Draw DJI peipendtcular to A V which is the H T 
of the plane. From an) convenient point F in* I)F draw FG 
at ^5° with XV. Draw If pOpendtctilar to XV With/—, 
centre am /G as radius draw,an arc interseging Ft M in H. 
With 1 ) as cerilre atrtj* ^F a^radpis draw an arc cutting XYin 
K Join H K *()r FI K draw ABC an tquilaie-al triangle of 
1 side. Project the points c, b, and a rtn XV from C, Band A. 
From 1 ) as cenire and with 0 c. I) b and 1 ) a as radii draw arcs 
intersecting DFinr'/''and a'. From B C and A draw lines pa-allel 
to XI and project tlie point' <■ b and 'a on these lines from the 
.points c’ b and, o'. Join a A c. Then abc is the required projection. 





CHAPTER "f. ■ 

INTKRPKNlfl'RATIBN OF SOLIDS.’ 

VVficn two solids intersect %ach other they are said to inter¬ 
penetrate, and the lines formed by the intersection of their sur-. 
faces, are called lines of interpenetration. I he nature of the, 
lines of interpenetration depern* upon that of en^h of the surfaces. 
Thus if both surfaces^onsist of plane faces the lines of their 
intersection, will be straight lines ; if one or both of the surfaces 
be curved the lines will consist of one or more»curves. 

The principle involved is to determine points on the inter¬ 
section (4 the surfaces Jf two solids by cutting planes , The 
intersected solid is •supposed to be cut ny a series of parallel 
planes which are firjt drawn either on plan or elevation of the 
solid, whichever is easier. The section surfaces give points which 
are common to*jbe surfaces of the two solids penetrating each 
other. They «re so chosen that the projijtions of the sectional 
planes shall always be straight lines in one, and straight lines, 
circles or other regular turves in the other projection. The 
series of points where these projections in^rstet are determined 
and joined, and as they are common to the surfaces of two solids 
the required intersection is obtafn£d. *A greaty mftwber of 
sections would confuse the points in determining the curve. To 
obtain tTie best results, cftmparati^ly Thw^pction surfaces#should 
be carefully anc^judiciously chosen. * • 

In almost all cases there are cert^n important .points on 
the line of intersection whose projections should found 
first, as the highest and the lowest points where the line disappears 
mi reappears in view. We should first «e!eet thjse sgcliort 
surfaces which* give ys the im^irtant y#ints. .The correctness 
of the figure and easy *>!utiof) deoetid* oil tlie careful selection 
of the action planes. , ,i # * 

In the*ca>es of piterpenetration of prjsr*s*by other prisms 
the yght line if intersection of surfaces are determined by find¬ 
ing two points in the rtgtit liye. The two poicts m*y be 
determintd by various methods.. 
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Problftjis 

123. '.A rectangular prism penetrates another reot- 
a'ngular prism through the middle of a face at 'in angle 
with the .HP. Find the hn'es of interpenetration when 
tht arms are at an png^e with the V.P.iPig. 352. 

t • 



Np. i is the elevation* an <} No. 2 is the plan of a rectangular 
prism, intersected by aribthe! reotangular prism through the 
middle of a face. TJie penetratingprism is at an angle with the 
H. P. and is parallel to the V. P. No. 3 is a copy of i No. 2 
with the arms at an angle with the V. P. By projection from 
No.' 3 and No. 1, No. 4 is obtained. First project the elevaki.'" 
of the vertical prism P Q It and then project the/end ah of 
the armias a'a'b'b'.'.The fac% etk ab flower line) of No. 3 
is in front antf ii,t line of penetration is obtained’by projecting 
from the lower cd of No‘3 and from c' d' of No r. The lower 
face d d b b oPthe arm is then teen andets elevation h obtained 
by projecting d d of plan No. ,3 to' internet the horiaontal 
from 1 d' of 1 " elevation No. 1.' In taterpenetutloo problems 
the dotted lines need not he drawn. 







. INTERPENETRATION OF SOLIDS. IOI 

/ * 

1 A. Atect&nguliv prism, withlwo faces it 45” to the 
U P. penetrating another rectangular prism through an 
edge. Draw the elevation sgben the two prisms are so 
turned l£iat the arms are at an angle with the V. P. 
Fig 358? 



trated by a smaller prism a*v g e through*the edges P and R. 
As this prism has two faces at 45° with th^H. P. the edges bf 
and dh of the plan coincide and pass through the edj^s 1 J and 
■CCof ti>e square P Q R. First*project the prism P Q R and then 
project Ihe ssialler prism for”,which proceerj thuf Draw a 
horizontal line A C E«J at about the RiitWIe heigh! of tlfe vertical 
prism. As Ihe two /aces ABFE and Bt G F of the smaller 
prism are inclined at 45 0 to the H. P. *the cojners ACE® of 
the two planes are on Jiis horizontal line. Project b d f h of the 
plan and where these yre project^ns interseytthe horizontal 
Une AC/EG of the,elevation fn b and m measure tfB, bp 
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and mF an8 mH each equal to at* or be, and*corapfete the 
ends.*,The line of penetration’n'r and s p in«tbe elevation ate 
easily obtained by projecting n and R, s and P of the plan on 
the respective lines in the •elevation. The lines of penetration 
t r and v p«are behibd and can not be seen. * 

* 125. Determnfe. th& interpenetration of two reot- 
angular prisms, one to be 1" xej* x 1 9" with its longer 
edges parallel to the V.P. and.one of its fades inoliued 
to the V.P.; the other prism to be TS'x 6" x*57" with 
its longer edges parallel to the H. P and inolinecf 10° to 
the V P. No faoe of the emaller prism is parallel to 
the H P. The axes of the two prisms bisect each other. 
Fig 354. , 



First draw’ the plan PQRS of the vertical prism in position 
by drawing the line PS at an angle wgh' the V .P. Draw its 
elevation Pr. Draw diagonals of the plan for the plan of the 
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a>us, O. Through 0 lira# a line at an angle of io° with XV for 
the axis line of the* horizontal ptism Measure otj this jSte on 
the two sides of 0, 01 and Om taMt equal to half the length of 
the horigVtal prism and draw AC* and at: perpendiculars to 
the axis through and I. Now construct the supplementary 
end elevation of Site horizontal pnsitv* usiflg AC asglic groilbd 
line Produce 1 m the axieline to O' marking mO'=»half the 
height ofghe vertical prisai. Through O' draw < ’d' inclined 
to AC ^ie ground line, and a'b' at light angles to c'd' and malte 
them equal to two sides of the ijtiri/nmjl prism. Complete die 
rectangle A'li'C'l)', the end elevatum. Project A'll'C'D' on, 
AC to determine the edges of the horizontal prism on plan.. 
Complete the plan of the horizontal prism. 

The position of the edges of this prism ,in elevation are 
determined l>y making the heights of the points AHCf) in 
elevation above XV equal to the distances of tlie points A'B'C'P' 
fjorn.AC Draw horizontal lines through these points till they 
meet.the projectors from the corresponding points on. plan 
on the left side i.e , if, l>, c. tf., , 

For the line of interpenetration draw projectors from 
F.GKH till they*jneet the edges Aa, lib in elevation in*E',G' 
F',H' The kite of interpenetration E’Giis m jhe face Alt ha. 
The next face is ADda which passe? through two faces of 
the vertical pnsjn, namely the faces Ok and RS. ‘Produce QR 
of the plan to meet* the edge on fill oj plan produced in P. 
Produce the edge dD of elevation till it meets a projector from 
P in P'. Join E'P', cutting the edge Rr o[ the veriingl prism 
in R'. , Draw a projector from Q where the edge Di^ofplip 
cuts the edge RS of the Vertical ppsm % tiljgt meets the ejjge til) 
of elevatioh in ijt\ Join Q'R*'. lJraw'a projectoj from’ K where 
Cc of plan intersects RS of ppn till it meet# cC of elevation in K'. 
Join (%K' and Q'K'. This completes the lmc*of interpenetration 
for the right* end of the horizontal prism Proceed Similarly 
^nilh t^e left end The Iines 4 >f construction are shown in fig, 
354, Iiwthe cases of prisms intjrpenetn^mg prjxms, frie rflethod 
of obtaining commoj poims on .the Virfacej'oCtwo rsolitfs by 
sectional pliins is not applied as the line/ of interpenetration 
are all straight lines which can be easily found by the direct 
projection of points in ahe lines. * * 

*126, A vertioal cylinder, interpenetrated by another 
oylindej (1) their pxee intersect^ at right angles (2) axis 
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Tlx? principle. of "determining points on the intersection 
ef the.surfaces of two so] ids by cutting planes is necessary for 
all cases pf interpenenjuion wfeere the shrfaces of one or both the 
solids are not plane faces. In 'the ist cafe the sectional 
plants are horizontal and commences from the tangential plane 
to the horizontal Cylinder. Sections are taken ErsJ in elevation 
and, mflnbered as shown in fig. .355. The sectional planes cut 
the vertical cylinder in a uniform circle, and the hofizoitti. 
cylinder ni recfpngles, except /he first and thl last 'which are 
Straight'lines. These Versions are' transferred to the plan by 
drawing a semicircle C'P'7 on 17 and .producing the section 
lines to meet the arc if this semicircle. By projecting the 
points on the semi circumference to a hofizontal line cp through 
the middle of the plan of tjie horizontal cylinder and traosfetring 
them *on the line 44 , the plan' of the sections of the horizontal 
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cylinder is.determined? The.first is Ihe lined). Theij ai, 33, 
44 are three o&er sections. The circle AB isthe [flan of all 
the sections of the vertical ’Cylinder. The curve of ioter- 
penetwJion is determined by projectors /rom Abed the points 
where the rectangles cut the i c > ircle < till they* intersetj the 
corresponding ‘lines of sections m the elevation- The lower* 
part of (Jiis curve and* the curve of interpenetration on the 
right side is similarly obtained. • ‘ 



Case II. fig. 356 . The^sectiongi plane; are parallel to the 
axis of the incline! cylinder v>t> t'aken first* in the elevation 
from whfch they ^re projected on thl plan The vertical 
cylinders cut inclined but the plait of thy sectional planes is 
the same* as -the 'circular plan of cylinder. The curve of 
Ihterpenetration in*eljvitioc is determined (jy # direct^projection 
simily to easel. , 
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128. *A sphere, interpenstrited by % hex&gonal 
■prism ; axis of the prism is vertical and is on one aide of 
the sphere. Fig 358 • * 
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the cenwe I* i*i the plan ofrfhe |fhsm*io^lie faty: BC. # Transfer 
these sections on the wUv.itton, where 4 circles, sections of 
sphere, intersect with 4 rectanghs«cgions of* the prism. 
Thete are the points of t»><- curve ot interpenetration of the 
•two side faces AB ai d Cfc of ihe prism with the sphertfand 4 
cur^es*ire obtained as nh etfetfa in the elevatiof T*he face 
BC is paVaflel to the V f s<?ihesf ofrvt-s irf elevation ar« parts' 
of a circles As the point P is betow S, th^centre of the sphere, 
the section through AD cuts the ^jhere »n a circle of diyneter 
little les^ jhan # the # diameter of the sphere, fherefore the edges 
^and D of the pi 4 sm penetrate the sphere not in the cir¬ 
cumference but little the»tnteftor The tllfptical «urve«.$ 
the sides -may al*> be fnuqd by Hieing* inclin^J section! of the 
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sphere througff ihe sides* AB arid CI 4 On GH*the section 
line thrftygh AB draw a semicircle and from »the 4 points irf 
AB draw perpendiculars to 4B to meet the semicircle. The 
hefghts of these perpendiculars jre to he set off ffom the 
corresponding points*in ihe diameter EF of the elevatTon, up 
• and ’down f^r the points *<l the curve. Tile points will agree 
with those obtained by the first method. 


129. A sphere, interpenetrated by a vertical cylinder 
axle of oylinder on one side df sphere. Pig. 359. ' 




Let 5 be tSie centre of the sphere in plan and C the plan of 
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the axis ot the cylinder. Draw the elevations of th* sphere 
and cylinder. Take 5 veriical sections, parallel »to \ .T. com¬ 
mencing* from 0 in plan and obtain the elevations of the 
sectional's circles as sections of sphere,in elevation and 4 
rectangles and a line, for the ,[)nstn^ I he last section is t 
tangent to the‘cylinder, therefore its elevation Is a line Tor 
the cylinder. Where Ae circles intersect the rectangles or 
the line,-tire the points lor»the u^rer and lower turves of inier- 
penetfation. Join these polios. The cylinder penetrates, the . 
sphere b-yond the ciicumference in elevation as L the plan ot 
the axis of cylinder is belo* S the centre of the sphere in plan. ■ 
130 A sphere, interpenetrated by a verti^l oonfc, 
axis of cone passing by one side of sphere. Fig. 380. 



• Let S* and' C *>e centres of the plans of the sphere and 
cone respectively. C if !>elow« artd on the "right side. Join 
SC at* produce fcoth ways to meet the, cirtjpmference of the 
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base of Ibe cone at B and A. The highest Wi lowest points of in- 
terpenetrStion lie on the vertical section passing through BA. 
Draw through S a line pajalfel to the ground line and with S 
ai centre and SA radius dr.fw an arc A.V cutfing the 

, horiwntal line through S m A'. Similarly transfer the centre 
*CtoC'onthe line S A* -Project from C' and" find the apex 
of the cone in this new position. 1 ’rtyeet from A't# meet the 
ground line in ultnd join a' with*/ the Vw vertex. Where this 
line ac' cuts the sphere are the.hieheo and lowest points 
* of the, curves on one side Similarly the highest and lowest 
pdints on the left side may he found by turning B to the line 
A*S produced. • 

Take horizontal sections of the solid commencing from 
the highest points Vid ending on the lowest points thus found 
in the elevation of »tlie solid love sections are taken for the 
curilc of the lower portion, and 4 sections, for the upper 
portion of the cone. In the plan the sections will be represented 
by circles both for syfhere and cone., I he 1st and 5th sections 
,;ouch at 1 and 5 in the plan and rirfk's from sections a, 3 and 
4 intersect at 2, 3, and 4 T-roject from t, 2, 3 and 4 m the 
plan to f, 2, 3 and 4 section lines in elevation for the curve of 
intei^renetralion in elevauon. The back curve not required to 
be shown may be found bf projecting from points s, 4, 3 and 2 
above the diameter line of the plan "Hie lower penetration is 
below the diameter and so casmot be seen in, plan. The upper 
curve of penetration is stmilarly obtained and shown both in plan 
and elevatjvn. t * , • • 

T 31 ., A vertical contf interpenetrated by a cylinder, 
t w*ea at right angles blrt not tntereeoting. Pij. 361. 

Draw plan and elevation of the solid. Take the axis of 
cylinder in plan below the centre of the circle, the plan of the 
, sphere. 1 VKK is the elevation of tit; cone and Me is the eleva-. „ 
lion of the cy'mder 'I ake horizontal sections starting from'the 
line in’i and ending mi lf|tr lyre <vi*in glevancn In'the plan the 
sections are circles fertile cone,tied the line' <i/> and,rectangles 
for the cylinder. WhVic the circles intersect toe corresponding 
line nr the rectangles'are the points of the curve of mterpene- 
tration m plan. Where projections font these points meet tlje 
respective section lines in elevation, are 'tttfe points for the curves 
n elevation. The construction is simple. 



• # • • 

132. A vertiftal cylinder interpenetrated by a nori- 
aontal cone, axis of cone on one aide of tbe cylinder. 
Fig. 362. • * . , # 

Draw cylinder and cone in plan and elevation. Tbe axis*j£, 
of th£ cone in plan is^ielow C.^he^bentje of the circle, the plan 
of the cylinder. Take horizontal sections 3, 2, i, 2 ’and 3 from # 
above the axis aV to behiw it in elevatjpn. The horizontal sec- 
tionj in plan i« the circle ABC for all the Motions of the cylinder 
and one triangle and two hyperbolas for the 3 sections df the cone. 
Where the triangle and the ifspVrbolas intersect the circle in plan • 
are th% poir^s of interpenetration in plan and where projections 
from these points in$*r$ect«b*-?oije^>dJding s^ctifm lirfcs in*eleva¬ 
tion are tlffe points in elevation. To dr/w a hyperbola in plan. 
Take the case of Nd. 2 section. Jt^uts the rone in the line nh. 
Take 3 points i/i tbe line nh and diaw vfr deals ec y ff and 
through them Drrfb sejpicirrles on 4d % te. tfznd go;. The alti¬ 
tude of the points where thc’semfcircles are by thfc section 
line fnh from fh£ir respective dfttmeters # are *to be^set up and 
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down on the projections from t|ie corresponding (joints in ai, 
the axis kif cone, in plan. Tne points 2, 2, 2, ttus obtained in* 



plan when joined is ihf curve of parabola.* The apex of the 
parabola is found directly by projecting the point h in elevation 
'on nl the axis in plan., Where t'hfs parabola intersects the circum¬ 
ference ABC are the two points of interpenetration which project¬ 
ed on the.a.section lines.No. 1 yi elevaiibn gives the points in 
, elevation. • * * *, 

133. A sphere interpenetrated by another sphere 
through fine side. Fig. 363. 

t C“and S are the centres in plant and C' and S', the centres, 
pi elevation of the two spheres interpenetrating, fake vertical 
sections parallej tb the i, i»o, 1, a, 3, 4 and 5, No. o 

passing through tlie centre C of the larger sphere in plan. In 
the elevation each section iwa set of two circles intersecting for 
the two spheres, fftid these intersections in eleyation which are 
points common to the surfaces of the two sptteres. Project these 
points to their coires ponding lines in piah. The curve of inter¬ 
penetration in plan is obtained. 






Draw plan arid deration of the two conest * In plan C is the 
centre of the circle, th#pk 9 of the vertical cone, and ab the axis 
of the horizontal cone, Below O. Tike horizoflUl sectfons in 
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elevation Nos 3, a, i, a, 3. In.plan the Sections for the vertical 
cone are‘circle* and for the horizontal cone, a triangle and two' 
hyperbolas. Where the triangle "and the hyperbolas intersect the 
corresponding circles.(sectiohs) arothe points of interpenetration 
in p|pn. Project these points to their corresponding lines (section) 
in elevation fer the poidts.of iViterpenetration in elevation. 


136. A sphere interpenetrated by a ring, Jpg. 365. 



- t , 

S and S plan and* elevation of spheres. The ring passes by 
oba side of the sphere, p raw a horizontal line below, S', the 
centre af.sphere in elavalmn .and tahe' o m it as centre’of the 
r * n IP, is the "thickness of the ring. With 0 as centre and radii 
nr and ob draw circjes f*r the elev.uieh of the ring Draw a line 
bb paraljgl to the ground line and below S, the c’entre of sphere 
m plan. On bb take r and r' as die centres of the thickness of 
tile ring aird complete the plan of the ring. Take vertical sec* 
tions parallel to V. P. i«i,d draw,Section lines in plan. c In eleva¬ 
tion the sections.wjll life A presented by circles for the sphere 
and^ plane circular rings r.r., two concentric circles for each sec¬ 
tion for the ring, .Where the circles for the sphere mtersect the 
concentric pair of circles for the ring are pie points of interpene¬ 
tration,, in elevation. Thesp arc to befeprojected on the corres¬ 
ponding lines in plan for points of the curve in plan. 









CHAPTER VI • . 

OVSr SHADDWS *ANI> THE PROJBCrtON OF. THE LINK OF ' 
SEPARATION OP LIGHT AND SHADE. 

• . 

If a’surface, (as Hi" or VI* or both or any other surface) 
receipt light from any source, a portion of the surface is* 
deprived of light, by the intervention of an opaque bodyi T,he 
part of the surface deprived of light is the shadow cast by t)re 
opaque body on the surface,* or the cast shadow of the object. 
The opaque objegt which casts the shadow receives light 
fjorn the source on one portion of its surface* the other portion 
being in shade. The line on the surface yrhich divides the two 
portions is called the line of separation of light and shade ; 
,this line is evidently th| locus of the point of contact of those 
rayi*whVh touch the surface ; it is evident that these bounding 
or extreme rays are!* those wjncli define the outline of the shadow 
ca<t on any surface The actual shadow is indeftned and oP" 
varying intensity for reflected lights and other causes. We 
shall find out shadows with defined boundaries by assumingonly 
one source'of illumination, i. e, th 4 sun, ^o far away and 
consequently so small jhat it may be treated as a point, and 
practically the .rays are all parallel to one another. These 
shadows may be tefmed Geometrical shadows in distinction to 
the actual shadows seen in nature ; , • ^ 

The method of obtaining the projections*of Geometrical 
shadows cast by any,object in plan and elevation, depends 
entirely qp tht^ principle ot fining ght^ traces,of lihes or the, 
intersection of lines with planes. The direction of light is 
fixed by mean; of the [flan and elevStioi* of any ray and is 
generilly that in which they make angles of 45° with the ground 
line both in plan and elevagion i, e„ the rays are supposed,to 
lie irftlujed at about 32° with each of the co-orUnattf planes, 
and are alway? drawn^from Jhefcft. , •* ' , • ' 

Rule :-*Imagine projections of parallej*rays to pass through 
the prominent points* of the projeettons of the object and find 
the traces dffjhe Ijncsftf the rays with the verflcSI and horizontal 
plages. The lines jdning the traces thus found will be the 
boundary lines of the shtfflow required. As the tafs are parallel, 
lines par&llel to a plane throw shadow on Jhe plane Ijarallel to 
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themselves and on a plane at right angfts to it, at an angle of 
45 with tne Imc of intersection of the two ulthies as the ray is' 

taken inclined45° to that line. ** 

We shall deal with two kinds of shadows ( 1 ) tl/trse cast 
• tronm source^of light at an .infinite distance as t.e sun, when 
the rays are practically parallel to one another'(U) those cast 
dfvergeit ° US P °’ mt near at han d as ,^ lamp when the rays are 

. Problems of Case I. « 


pigiaeaSEaS?.** point in , space on groundorwaU 



«* In fig. 366. P and P ar£ the plan and (tlevatinn of P. 
Through P and P' draw lines inclined,'45 0 with th£ ground line. 
These lines represent the plan and elevation of the ray inter- 
cepted.by r the point P. Where the plan of the r»/ meets XY 
draw a, pemendicular, to meet ttfc elevation of the ray in S. 

* Then S is tTO shadow of on wall In fig 367, thy elevation of 
the ray Meets 4 he ground dine Tirah andfihe point S is the 
horizontal trace of th&ray which is the shadow on the ground. 

* ' * » 

137. Shadow of a vertical line partly op ground 
and partly on wall Fig. 308. }■ • 

A& is the'Mtical line, its plan is 'tke point ab. Through a 
draw a line inclined 45° with XY and through A and B ip eleva- 
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.tion draw ;wo lines inclined 45* with the ground line. #Find the 
traces of the rays through A anjJ B. The trace of the rSy through 



B is *' on the ground and the trace of^he ray A is o' on the* wall. 
Part of the shadow b'g is on the ground and is inclined 45° with 
XY and part o£ the shildow go.' is on the wall at right angles with 
XY. From this it is%een that a vertifal lige'rhrows shadow ftn the 
wall parallel to itself, and on the ground inclined ^5° with XY. 

138. Shadow of a horizontal Una at right angles 
to the wall, partly on grotAid and partly .on wall. 
Pig. 880. , . • • '• . 

AB is the, plan of thrfline perpendicular to the-wall f. c. the 
VP End Ai*is a point in the VP'for its elevation. /)raw lines 
inclined 45° to XY from #the two ends B and A in plan and , 
froctf tlje point ba, and find ^he traces fif the twofays sA atfd B 
as a'in the HP asd b' jn the Y,P*f The "shadow, of the lind 
is a'gb', tl* part a'g on the grouftd is parallel 1 to*AB and the part 
gb' which is on the wall is incline^ 45°* with XY. This shows 
that the Shadow of a line is inclined 45° with XY on the plane to 
wpich it is perpendicular. Practically it may be noticed that 
shadows of vertical poftfis vertical-on the wait aid is Man angle 
With yfi on the ground. • . 
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130., Shadow of a line inolined trf both the planes of , 
projection. Fig. 370. 


«• 



AB is the plan and*A'B' is the elevation of the line. Tne 
prices of the rays through A and B- are a in the horizontal 
plane and V in the vertical plane. The question is how to 
join the two points a' and b' in two different qilanes The 
directlbn of the shatjow on die horizontal plane can he obtained 
by finding the horizontal trace of the ray 11 . Let the ray in the 
VP from B' meet XV in/and from/ draw fd at right angles to 
XY to meet BC, the plafl of tht*ray, produced in J' Then d' is the 
HT of the ray through* B ; a' is HT of the ray through A. 
Join ad' wliicli would tjd th£ shadow if it was not intercepted by 
the wall. a'(f meet XY, the plan of wall, in g. Join gb' which is 
the shidow.on the wall, atjd a'g is the shadow on the ground. 

• * * • ; J 
140 Shadow of a square lamina parallel to the 
ground and one edge parallel to thrf wall Fig. 371. 

The pTan of the square piece ^is abed, a square, and its 
elevation,is tyi be a line parallel to XY. Find the traces, of 
the rays through a, b, r, A.the 4 tfomers of ( the square in plan 
and elevation. As <hp ed^eth ad and*are at right angles to 
the VP their shadows “ on Jhe ground are perpendicular to 
XY. The edges 1 \b .and 1 1 c are parallel to both the VP and 
the HP and the shadows of these two eoges are parallel to 
XY. The shadow of the laming is Jg-'d' on the HP and 
fgb'd on the VP. 








SHADQWS. 


• IX 9 



The plan of the square piec£ is abed and its elevation is 
Find traaes of the rays through \ b, c, d, the 4 
corners of tfie square in plan , Sn<1 elevation. The fedge at 
dtrows shadow on the HP and tTie edge •* on the VP. 
Pile shadows of the edges tc' antf id are. partly on the HP 
and partly on the VP. This is obtained by T’rob. iy), fig. 370. 
lh« shadow of th» lamina is H'b'lg on the HP and glc'd' OD 


142. The shadofr of a cubical sbloek with one face 
paralleMo the ground and one face inclined tea the wall. 
Fig. 373. 

• 

*The (flan of die cube is No. j| a square, an<j its ^levatibn 
is No. 2^ two rectangles aa bb writi fib cf. • 'Hi is is the first case 
of shadows of solid figures. Ttuy shadow is a plane figure and 
it is evident that some corners of solid,c»nnot throw^shadow 
as the riys from J them are intercepted by the solid. In this 
case the top corner* i» and, the .bottom carter d cannot throw 
• any • shadow, f he vertical edges tf and cc throw shadow 
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partly on'ground and partly on‘wall as a’gf arm c'ie’. The < 
shadow on groun8 is a'b' c'lg agd on wall is le’d'fg. Parts of 
the shadow are hidden by the plan and elevation of the obect. 

14p. Shadow of" a hexagonal prism ( lying on one 
(Hoe on the ground afid.iflB* axie is inclined, to the wall. 
Pig. 374. , 



The plan of the prism is at No. i. and the elevation is hd 
No. *. Thfi prism rests ( on " the HP oit plane hcdR which 
CR.mot throw shadow. Rays from’ corners a, top h and top g are 
intercepted by the solij and cannpt throw shadow. The 
shadow on the ground is cb'c'd'LGg and on the VP is Lg'fG. 
The corner* b, top c and top d appear on the right, the 
tdge ,dg' is partly on tije ground ahd partly on the VP. The 
corners top g*and f appear within , the elevation ap„d fg 'omes 
out as f*Gg partly nn'VP and pirt[y on gtound; 

144. Shadow of ‘a hexagonal pyramid reading on 
ita baoH on the grpnnd. Fig. 375. , 

The plan of the pyramid is abcdef and 'its elevation is aev 
At the pyramid ruts on its base on the ground its shadow is the 
shadow thrown by,its two edges fv and dv. The points f kid d 

f 
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146. Shadow of aoiroular disc. perpendicular to the 
ground but at an angle with' the vertical viand. Fig. 371. 



The plan is a line fir with the same divisions as No. 2 of 
fig, 376. The elevation No. t is obtained from the plan and a 
vertical line ,grer]ual in length with tie theuplan and with the same 
divisions. The shadow is elliptical both in plan and elevation. 
The traces of the rays rfhich 'are on the ground are first found as 
•b'c'dV apd the traces of the lays which are on the VP are a'h'g' 
ant} The curve through the points b' c'd' e' can be continued 
by finding the trace of thevay through f on the ground'plane 
.gsT, wherfc thg curve'e' ft cuts the ground line,is the point L 
to be joined by a smooth curve to f'. Similarly tne point G on 
the left side is found 

147. Shadow of a vertioal cylinder resting on ground. 

' Fig. 378 . 

- No. r is the plan and No. 2 id the elevation of the Cylinder. 
As the cylinder is resting dn the ground there is no shadow of the 
bottom plane. The-two tangent lines, aa b5 throw shadow 
as aGa' and bb' and the right semicircle of the top plane a6$4b 
throw shadow as a'6'5'4'!)'. To obtain lye proper curve bet¬ 
ween 4' ^nd l/^a point n is taken between 4 and b and its trace 
is found in n'. , , . 
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143. Shadow of a horizontal oyllnder inclined to the 
Wll Pig. 8 * 79 . « * 



g • 

No. I is the phfnfand No. II is-lhe elevation of the cylinder. ' 
The cylinder restj on the ground on line u. As the ray# are 
inclined 45 0 and ccftnes from the left the portion of cylinder from 
22 to 66 which* receives light will throw (shadow* The shadow 
line 22 almost coincides,with line 11. On the right side the 
points 2, 3, 4, s, and 6 will throw shadow and a curve 2’ 3' 45' 
6' is obtained by joining the traces. 'Hie line fifi will throw shadow 
on the ground parallel to itself lira's 6' I. parallel to the length 
of the cylinder. Find the Pare of the raj frriht tlte left point 6 
on the wall which is 6' ^n the left, I, with 6' on the VI*. 

The trace% of tjje rays through JV4 5,orT»the left fall inSide the 
shadow. The tftce of the r#y through left poinf 8 falls oj the 
ground. Find the trace of the ray throifth die left point 7 on 
the grcfcnd. ^oin the point 8'with 7' by a fair curvcjilcuts 
the ground line at G ■ Join G jith the lift point 6' on VI) by 

a fair cdrvg which completes the ^shadow. • I • * 

149. Shadow offe ooae resting "on ftp hsae t>n fhe 
ground. Fig. 380 J 

I and U are the plan and elevation of lh$ cone. As the 
base of the code i?on jie ground it throws no shadow. First 
find flie trace of the ray which pasjes th/nugh V tly gertex jn the 
grouad plane in V*. prom the point ,V* d»w two tangent lines 
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on the circumference ofthe-planof (he'cone as ; V'a and V'b. 
V'ab Would be the shadow of the cone if** there” was no VP 

r« 4 



intervening. Find‘the trice of the ray through V on the VP 
which is V': Join V* with G and L where the shadow on the 
• groundeneets^he wall. Ttten the shadow on gromnd is aGLb 
and on the wall is GV'L, 

<■ ISO.' Shadow St a oohe lying on ita slant face on 
' the ground with ita exits parallel to the V. P-SPig. 381. 

1 apd II are the plan and elevation of the coi.e. The cone 
lies on the ground on the line 5 V: Find the 8 points on the rim 
df the bas; of cone in plan apd elevation by drawing ‘a semi¬ 
circle on 15. in elevatict.r. ^The trace of rry through the point t 
is i 1 in plan. ’J<in-V. the vertex in plan with 1'. .The tarcesof 
rays through 2, 3, 4,’’ fall within the shadow. The point 5 is on 
the ground. The shadow of the point 6, 7 and 8 h 6', 7', and 
8 '. Join the points t', 8 ', 7 ', 6 ', and 5 hi; a fair curve. The full 
shadow is V <3 6 ' 7 ' 8 ’ I' V. “art Wit is covered by the plan 
which is dotted. 




SHADOWS. 


”5 


151. Stfedow thrown by 4 sMpe, the *>P beinfe a 
leading. Fig. 3^2. .• 
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152. Shadow of'a cross standing on a square slab 
upotf another slab. Fig. 383. 



faints for drawing the shadow .-In plan AB is the lower 
and FE the upper'slah. KL is the shaft of the cross andCH is 
the arm'of the cross of the same section as the shaft. First find 
tl»e shadow of the dower slab which is AafcbB. The shadow 
of the upper slab coises out ,of it at f jtnd c as fkle’c. The 
shadow of the sbaty cOmt% -out of "the last at k apd I as kqml 
on ground plane ar.d qnjpa'rl'k'oq on 1 hew wall. A little portion 
near r is covered fy the shadow of the arm. The. shadow of 
the arm is gh'thm'ong. The projection, of the arm from i the 
shaft should lje .little more than the height of the portion above 
the arm. 
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163 Shadow of f cone first Vails on the ground, Is 
then obstructed by a rectangular prism (lying .fin one 
face on the ground and at tyi angle with the wall), and 
then appears on the wall. Fig 394 . 

•1 



H (here is no obstruction the shadow of the yne jp 
on the ffcwnfi plane, and he don thc«»all (prob.'iao fig.^80). 
The prism of wood CE interfere*, ^nfl lljf shadow rises up on 
the nearest vertical fafe of the prism.^ Preset KI, on the eleva¬ 
tion as lil. . Find V*. the Vertical trace of ;h f ray, through the 
vertex V on the frolcfcgation of the vertical plane of the prism by 
assuming CD as the ground line.. By joining Jtl wi^i v* the 
shadow dtl lit' on {he vertical facf of prism is obtained. 
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The shadow then appears' on the top face of the {irism Seen in 
plan, by bending from kT. Project kT 09 CD at t and <s. 
Produce the tdp plane of the pram indefinitely and imagine the 
cone to be cut at a'b' in level with it. Find v' the horizontal 
trace of the yay throegh vat level a'b'r. From v* draw 1 tangents 
to apq, the horizontal ,sectipn of the cone In level with the top 
of the prisrh. The shifdow on the lop of the prism is /ss'l'. 
The prism throws shadow Er?F. Part of the shadow of the 
cone on the wall (hgv) is hidden by th*e prism. ' 

164. The shadow of a square cap on an ootagonal 
prietn. Fig. 385. 



•The shadow is to be "shown nn the .vertfcal faces of the 
octagonal piVar shown In plan as aABOW The capital in plan 
is EFG. , Here the ground Ktve is not XY, but the outer line of 
the plan of the 'prism' aAllCDif. From the corners aABC of the 
plan draw lines inclined 45" bjck to intersect the plarf of the 
.capital. Project these Joints oh the lower line 0 f the eap in ele- 
‘ vatiori From the cornej F of the cap .draw a line'inclined 45° to 
meet the ground lino at f. From the 'points E 'a'tfh' on the lower 
line of the cap in elevation draw lines inclined 45“'and intersect 
them 'respectively by projections Rom the Corresponding points , 
> aX/BCof die ground line. Tty points t'fb'c’ pf the shadow 
' ire c&tained. Tjhe plane flD t of tne pillar is(n shade in elevation. 
The shadow is a'e'fkt d. which irferges in the plane of shade c'd. 

.The following shadows are all projected in the same way. 
The figures explain 'the constructions, , . , * 

166. Shadow of an ootagonaLoarf on a square prim. 
Fig. 388. * - 
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. 166 Shadow of* a cirorriar oap on a equare^rlem- 

Pig. 387. " • * 

. *• 

15%t Shadow of & square oafc 4 onaoylinder Pig. 388. 
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158. Shadow of a circular cap on an octagonal prietn. 
Fig. 389. . 

* • 

169 Shadow of an octagon* oap* on a cylinder. 
Pig 390. , 

160. 8hadow*of a oironlar cap on a cylinder. Fig'391. 
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L81. Shadow of a circular flange upon,a horizontal 
cylinder.. Ifig. 392 

In fig. 39 2 the side elevation r serves the same purpose as 
the plans in the preceding examples, aa' is the Jrst and W 
the last tangential ray throwing shadow. Take any number of 
points between a and' b \and draw lines inclined 45 0 from those 
points to the root of the flange. Trarsfer tne points in the flange 
of the side elevation to the flange in the front elevation fig 2 from 
«* to <** Draw lines from the points <t 8 to b % inclined 45'. and 
intersect them hy horizontal lines from the points a to b on the 
.cylinder Points r, 2,3, 4, 5, hand 7 of the shadow are thus 
.obtained. From the tangent point b draw a horizontal line for 
the shade port top of the horizontal cylinder 



. " t 
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A dew cases of shadows thrown on curved walls, dr on the 
corner of two walls meeting at a point, are now shown. 

in these cases tlte construction is the sam^ as ip previous 
casts, the only different 15 that* thg,groutiyf line ts changed. 

lea. To determine ‘the shadow of a straight line 
oast on the oonoave fame of a curved”wall. Pig. 393. 

All and'.VH' we the plan and elevation of a tiiick 
wire throwing shadow. CO is the co-cave face of a curved 
wall. iThe ground line is C D Tfte* shadow t*345 in elevation 
is obtained by drawing 'ines inclined 45° from the points in- 
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AT 3 ', the elevation, and'intersecting them by projection from 
the corresponding 'joints in the ground line. The conAvity of 
the wall jn elevation is express?# by the bending down of the 
curve of shadow. • * , # 

163. Shadow of a straight lih* pnthe oon vex face'of 
a curved wall. Pig 39^ 

. 



AB and A'B' are the plan and elevafion iff a tlitpk wip;. 
CD is tHe convex fare of.a rurved f watt. The part Mi ofjthc wire 
throws shadow en the rttrv.d and* the rctjiainitfg portion 
EB throws shadow on the original verjir.il plane. Her* the 
convexity of the wall CD is Vxpusxid in the. elevation by Hie 
bending up of tjie curve of the shadow. • ^ 

1 1«4. Shadow of a straight lino daet on t|e outside 

corner 4>f • ffwo vertical v%alle quoting at an angle. 
Pig. 396 * * 

A B and A'B' plan and elevation ,oT the wire throwing 
.nSdow. 'fhf.oujside corner t f a wall in phm is CDE. Part 
of tbe shadow cb tails #on the vertical plane beyond the wall. 
The shadow on the wjll! is r d u Irending U(A #n the wigsidtt 
corfler. * 


I •' 
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1/36. Shadow of a straight 11 tie oast on the inside 
oornefr of two vertioal walla meeting at da angle. Fig. 800 

• Here the «h»dow falls oSi the inside corner of two walls and 
the shadow # bends down. .The construction requires no (kplanation. 



Take ary ■< number of points a', <•', etc. in the arch over the 
niche and find the 'Correaponding points a,c, etc. onHPQ n. the 
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plan. Draw fr'in plan irylined 45°, the' portion of the curve of 
htf back of the recqfj from p to f is - in shade. From p' in eleva¬ 
tion draw p's inclined 45 0 and intersect it by projdfction from r. 
Then pp's^' is the shadow for the cylindrical portion of the 
niche. T^e shadow of the edge of the arch begins frqjn s. Draw 
the line ab inclined 45 ° and draw the. projector bb' till it inter¬ 
sects the line a'b' inclined |5° from a' in elevation. ‘The other 
points of the%hadow below jhc soffit 4 of the arcjj are obtained 
similarly. ’ * 

• • 
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• ^ 

in f. Bisect df in c and with t as 5 centre construct a semi- 
circle^tyi df, ^ The quarter of the arc is showp as ig. Draw 3 h 
perpendicular to fd and equal <M h'd', the height of the point d' 
fftrm the horizontal line through,.the springing of the krch at p'. 
Join hg in plan, wltere itVuts the arc gd is the point m Draw 
tht line mji perpendicular to Jd. Draw the projector nn 1 to 
meet the line c'd' inclined 45 0 from cj in elevation. Then n’ is a 
point of the shadow. Kind other points in the same way and join 
them to complete the shadow, The shadow terminates at / 
the tangential point of the arch it 45° 

• \67. Shadow of a rectangular lamina oast from a 

Juminous point Pig. 398. , 



■fhe principle of construction for finding the points of 
shadows in* these c->ses differs f-om the previous case, in this 
that the rays vare drawn'radiating from »ie projections of the 
l&minous point to (he corners of the object insteiW of parallel 
rayi through them incline# 45 0 to the ground line. 

Let L and L' be the plan and elevation - of the luminous 
point ajpd ABflQ is the plan of tjie rectangular lamina and A"B', 
its elevation. 
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Dftiw lints'from I, though the cornets.A, B, Cf and D of the 
lamina till the*y mejf^ the ground'lme. • 

Draw lines from L 1 in elevatiqp through A’ add B' The two 
corners oflhe elevation of the lamina.. 

Find* the traces of the rays as sn previous cjses for the 
points of the shadow.* •• • • 

The shadow of the edge AB is PQ on the gtound plane 
and of the edge 1 )C is SR on the vertical plane. The portions 
of the shatfows of AD and iffc on the ground are parallel to the 
edges. ’Draw Pg and Qh paralhjt to AD and BC. Join gS and 
liR for the shadow on me V. P. . 

168. Shadow of a triangular pvramid caat from a 
luminous point. Fig. 399. • 




L and" f.'are the projections of,*he luminous point.,AB 
CD is the pfcm of the pyramid and»A*DH' i%tl*e deration. 

Here it is required to 6nd the shade * of the vertex on 
tlfe grouncl. plage and on the VP. Join Ir with D in plan and 
prtVduce it and join* L’with D' in elevation and produce it. 
V and V' are the tracts’of the ray on the ground fdane and 
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verticil plane 1 * respecti'vily. Join C pnd B in’ plan with 
V meeting the ground line at j* and k. Join,? and h with V». 
The shadow on the ground plaijp is ChBg and in the VP, ghV\ 

• In these cases as the light is near the object thjj shadow 
is much liiggpr. • • ‘ 

•169. Determines tha dine of separation of light and 
shade in plan and elevation of a given cylinder which is 
(a) parallel to both the planes of projection, (b) tperpendi- 
onlar to the "ground, (cj perpendicular to the wall. 
Fig ; (400a, b, 01 . , • 



(a) 1 and 1 are plan ami .elevation of the cylinder when it 

is parallel to bdlh thepfanesof projection. Here the cylinder 
is norieont.il. •* » 

, Let 'k' be the side \Ww«of the cylinder in plan No. s. Draw 
the tapgential rays inclined 45 0 to A. .The portion adb receives 
light. Of the semityrcle cad which is’in front the.portion ac; is in 
■shade. Draw a projector from a, The upper odrtion of the 
cylinder is in shade. . * * „ 

‘ L<t B H; the side view of No. 2, the elevatiijn,. Here the 
lower portion of the cylin(ier,js in shade, y 

(/>> When tht oylindef is' perpendicular to the aground the 
plan,is a circle. Draw tangential rays to this circle. The right 
hand portiou bd is m shade. „ ■ „ 1 

(<■) When it is perpendicular tojbe *11 the elevation ii a 
circle. Draw trfgential rays to- thiscifcle in elevation. 
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projector frdm b. Theyight hand portion bd of # lhe plan is ii* 
shade. • „ • , 

170 . Determine the linspf separation of light and 
shade In elevation, of a hollow semi-cylinder plaofed 
horisorreally with the conceive Bide in r*onv Fjg. 401 . 



cylinder. B is the plan and C is the'eleytibq. f % 

Take points in the rim of the upper half of the side view 
as a,b,c, 4,3.1,1. Drawa' 1 the .seifi-diameter of the tide View 
and dra* pergsndiculars from the poitits a, b &c..on this line. \ 
In B the side at Is eejjial to a' 1 ofjhe elevation. Tsanafer 
the points in a •! of the elevation to at of tte plan. Draw rays 
inclined 45°* fjom the points a,b,c of the rim in side Elevation.* 
The jays intersect tile arc at t,1,3 respectively. 1 he ray tbrodfch 4 is 
tangential. P»aw lines inclined ^5° from ib,c of the pl*t Bintersec- , 
ting horizontals from*,2,3 ef thepJasJtT iVj.' FjojectShe (feints 
a,b,c and 4*on the side line of the elev;itk>njrepresenting the end 
<rf the semi-cylinder. ‘Project horizontally from 1, a, 3, of the rim 
m side elevation t<U tfcey meet projectors from VJ 2' and 3' in plan. 
These are the 3 poind cjf jhe curve of the shade. The 4th point 
raj is tangential therefore the ‘curvi ends at f ifl the efevation. 
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Draw a horizontal line frorii i in c for Ihejower line of the shade. 
«uc 171*. Determine the line of separation of light and 
shade of{a given right cone. fiig. 402. , 




402 


l is the plan and 2 is',he elevation of the cone. Draw tang- 
ential rays inclined 45 1 at D and C of the plan. The portion CB 
is in shade Project die point 0 to c on tin; groilnd line Join 
cV in elevation. Thu portion cVb in elevation is in shade 


172. Determine Ths lihe of s 
shede of a given sphere Pig 403 


separation of light and 


Let i«and 2 be the plan Snd^elevatioif of the sphere. Draw 
days tangential to.the clevatihn at t/’and d' .ind'to tin 1 plan at 
e and P In elevation thi) portion b'gjd' receives light therefore 
the 2 points in the Mine of separation of light and shailf. in 
elevation iC h' and d'. Similarly the two points an the line of 
separation of light and ishade in plaAi is e and f as eat receives 
■light. Project the pointsie and f pn the elevation < as e* and f 
and project the, points h' 'a;»d,d in plan fsbandd. By this 
method (our points irf 'he line of separation of light and shade 
are obtained in plan and felevatinn. An elliptical qurve can 
fairly he drawn through these 4 points in erch case • Only halt 
the curve can be seen in each case which,ar? drawn s 

. ft H * 

THE END 







%• CALCUTTA UNIVERSlTX QUESTIONS. 

L. *E. and B. E. Vtt <im *1885. • 

1. Find by construction a point on a given liqe which shall be 
equidistant from any two points situated outside the line. 

2. * Construct a triangle wftose bane shall be 2", altitude 3" 

and vertical angle 30' without using a protractor. • 

3. Draw a six sided irregular figure and reduce it by the 

parallel ruler to a triangle of eqtfal area. s 

4. A tin cylinder 6* diameter is penetraAd, centrically and 
# Jt right angles with the axis, by a smaller cylmckr of 3" diameter ; 

show how you would proceed to draw the outline of the whole on 
the sheet of tm before bending it into the* form of the larger 
geylipder. 

£. l)raw a square threaded screw 2" outside diameter,, thread ' 

thick and V" dc*ep. Abbut 3" of the length of the screw may 
be drawn. « * » 

6. Draw to scale a triangle with sides 3, 4 and ? inches 

and without thl^iid of a protractor make a triangle equal to it in 
area and having one angle of 6o\ ^ e 

7. In an angle of a square of two inches syde construct a 
square one-half ^ie area df the original square. 

8. After cor.sttuction of the »squarf within the square as 

required in question 7, the remaining portion of thelarg^r square 
will be a double rectangle, draw by simyle*f;eom«ynr construction* 
a square equal to the double rectangle. , . 

9. Draw a diagonal scale of# ya*r*ds,.^yard to 1 in els, to ’show 

feet and toche^* • * * , • 

10. A plane surface Indian is represented by a square* of two 

inchej side inchned to the horizontal plane at %n angle of 30°. On 
the projection/if this plane draw a line inclined to the •horizontal 
plan^at an angle of*2o\ • ^ ^ , 

H •Di^a*- the horizontal ynd vertical projectiorA of *a right, 
pyramid with a horfeontaW base o(^ o'tfe inch sjde. sHeqfht of 
pyramid is«< inches and the axis*is fnclmed Jo 11 to the horizontal , 
plane, the horizontal *’projection of th# axi? being inclined at the *" 
-wame angl# to the vertical plane. , . 

• • « | * 

4 12 Draw projeclions of the section of a vertical: cone made 

by a plane inclined 45* the horizontal plane * showing* also the 
foero of she section ii^ its own plane. # ~ 



*4?. QUESTIONS. 

13. Draw the projections of a V threaded screw'with an out¬ 
side diafnpter of 2 inches, the pitch and depth of^crew being { 0^ 
an inch. t , 

'14. Make an isometric drawing of a wooden cross .made by 
the imeraectiui of two beams 1 foot square and 4 feet in 1 length. 
Scale iV < • , 

15. Assuming the horizontal and vertical traces of a plane, 
{neither of whiclj are perpendicular to the intersection of the 
horizontal and vertical planes) fnd th% projections of'a point, 
draw a line from the point perpendicular to the plane and shewing 
'the point of contact with the plane. 

16. Construct a plain scale of miles shewing furlongs, <zsrs 

na.ural size. c 

17. Construct ta diagonal scale of metrqs proportional to a 
scale oft yard* I, inch reading decimetres and centimetres and 
make on it a length of 1 metre 2 dec. 3 cent. 

I metre—39 37 inches. 

18. Draw an equijateral triangle of' 3 inches side 'and 'by ‘ 
simple geometrical construction make a square of,equal area. 

• 19. Construct a rectangle of 8 square inches area, and from 

any point in one side cut off by a straight line a portion equal in 
area to }■ of it. 

io. Draw the horizontal and vertical projection • of a section 
of a right cone above its bahe made by a plane inclined 45° to the 
horizontal plane'and whose horizontal trace* is inclined at an angle 
to tn* vertical plane. - Develop the section and show a practical 
method of drawing the correct figure. 

. 21. fyaw the horizontal and vertical projections of a right 

octagonal prism,'one face “being inclined 30“ and 2 corresponding 
edjfhs 20° to the horizontal plane. _ <. 

i 22. Assuming the Wdrizontal’ and vertical traeps of 1 plane, 

' not parallel to either plane, and the prqject'ons of a point above 
it draw any line inclined to the plane st an angle of 4;° from the 
point and show the pilot of contact with the plane. “ , r 

23,. Xssuming the horizontal ,-nd vertical projection of a 
sphure pf 2 inches diafheter, shew the point of contact of a plane 
•tangential to 1, it and inclined 45° both vertical al.cf horizontal 
planes. Dhaw ths traces ot the pjane. - '< 

24. Given the trao. and inclination of a plane to the v horizontal 
planey find its trace upon dnd inclination to the vertical plane,. 
Construct the angle between the traces of the plane., 

25. A right cone has its base ino'iped 15' to the horizontal 
plane. Draw tHe shadow thfdwo by it on that plane, tl|e ligjit 
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' passing o*ei( your left sbbuldet sozhat the' projections of any will 
make an angle offts” with the horizons! and vertical plana.' 

26. • Draw the isometric prelection of a combined cube god 
tetrahedron, side of cube is 2 unches* and face qf tetrahedron the 
largest that can Je inscribed in side of cube. ■Construct the 
isometric scale , ’ • i • , * « 

.. 27. Construct withost the aid of a protractor, a pentagon of 
a inches^rtle. , ( . 

Make by simple construction a square equal m a tea to 
three fifths of the pentagon in question No. 17. , 

29. Construct a simple scale of t mile 2 furlongs ■ 2 inches. , 

30. Construct a comparative diagonal scale, to one of 1 milt 
-1 inch, of knots to show decimals of a knpt to two places of 
■decimals. 1 knot =t&8o feet. 

> • 

31. Draw the horizontal and vertical projections of a line .— 

(a) Inclined 30“ to the horizontal plane, and in a plane 
• > parallel to the vertical plane. 

• (b) Inclined 30“ to the horizontal plane and in-a plane * 

inclined’30 to iSf vertical plane. 

(c) Inclined to the horizontal plane at an angle of 45* affd 
in p plane inclined 4;° to both horizontal aqd vertical 
planes. 

32. Draw the vertical and horizontal projections of a tetra¬ 

hedron whose base is inclined 40° to the horizontal, plane, and the 
horizontal projection ozone of the sides of .whose base is inclined 
at 30* to the vertical* plane. . * , ’ 

33. Develop the surface of thq above.tetrshedrdn dn the hori¬ 
zontal plane. ‘ • , , *v 

34. Explain and illustrate by 4 i*(rain the principle of isome¬ 
trics! projection. Draw the isonftrical pjpne. . • 

35. On’a plane’whose traces are inclined to both horizontal 

aod vertical planes, draw* the projectidbs t^ a line inclined at any 
givtfti aoglw to the horizontal plane. , 

• ,36. Assuminf the projeflions of a poinj above a plane, the tjaees. 

of eihich tn inclined to troth, horizontal and vertidkl pllnes ant] 
which makes an style o(3o ,| witb thf horizontal plaqp, draw the 
projection* of a line passing tbitoogb the point ahd inclined at an 
angle of 45° to the .given plane. S^ow the point of contact with*’* 
—•the plane and of contact with horizontal or vertical plane dr with 

both, • e 

• a 

37, A right print 'with octagonal ends has one of its faces 
fhctindd 30* to the, horizontal^ plane, «nf| the horizontal projection ‘ 
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of its axis makes an angle of 25 0 witf) the veetical plane. Draw its or- 
thograjAijg projections, the prism being 3 inches ir length and a sidfc 
of regular octagon is inch. t .« 

*38. A plane inclined 45°*to the vertical plane cuts thefprism in 
position in question '37. Show the section on the horizontal and 
vertical planes. • t • 4 * , 

30 Draw in isnmetrical projection 9 tower obtained by adding 
a right pyramid, # one inch in height tq one end of tffe prism' in 
question 37, the base of which coincides with the end of the*pri$m. 

% *40. A sphere of 1 inch radiul rests on the horizontal plane. 

Assuring the horizontal trace of a plane, not perpendicular to the 
vertical plane, draw a plane parallel to the assumed plane touching 
the sphere and indicate the point of aantact. 

41. Divide a triangle into two equal parts hyaline parallel 

to one of its sides.* ( 

42. Draw a circle which shall touch the two lines of a given 
angle, and pass through a point within the angle. 

43 Taking the honz >ntal and verticaj projections ofgnyswo* 

points so that the straight line joining them is not perpendicular- or 
parallel to either plane, find the forfeit length* of the line and us 
Angle of inclination to one of the planes’. » 

44 Draw the horizontal and vertical projections of a right 

pnsm, finches in length with a regular pentagonal base of i inch 
side* resting on a point of its base on the horizontal ptone, ihe axis 
being inclined to the horizontal plane at an angle of 30 , the hori¬ 
zontal projectidh of the ax s beinjj inclined tat the same angle to the 
ground line. • • t * 

45. ^ cylinder with*a diameter of base of 1 inch interpenetrates 
.the prism as projected imder th« conditions of question 44, so that 

the axis oftihe c^tindef is irt the same plane with and cuts the axis of 
tb£ prism*at right angles. Dv*vv the elevation of the combmaf.ou. 

46. X* sphere of 2*fnches diameter raised qne in#h above 
•the honamtal and 1 inch away from the gerti«*l plant is intersected 

by a plane inclined 4;° to ♦he horizontal ulane and inclined alsj> to the 
^vertical plane. Dratr the correct section and show |he po*it of 
contact wfth the sphere of a plane parallel to the jt cutting plane and 
torching the sphere. t, i 

«> 47. Th$e lines whiclj. are t.'fc 2, 2'< inches in Itfrrgth^and are 

mutually rightcangles, ctwmrjje from* abovt*, and meet at a point 
in the ground plane; tjje z'i inch line prolonged forifis angles of 
6o P yith the . vertical and ground p'anes. ‘ Find the plan and 
elevation pf these throe lines. p , 

48 Aright hexagonal prism of t indfes side and 3 inches 
height stands balancing on vme of its pofms, the plane of its axis 
forming an angle of 45* t ith tbe vertical plane.; draw the pUn arfd 
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^elevation. V Also draw# the contours of the solid taken # at every 
, inch level measured from the ground plane. # 

49 • A survev of tract of country, 14 miles by 10 miles in extent 
Is requ'jld to be plotted so as to fit on*“imperial” sized sheet of 
paper. Note what^cale would you adopt. Ihnperia^size =*30 in. x 

22 in. • * • • • « # ^ 

50 Draw the plan a§d elevation of an equilateral triangle, of 

2 inches % siJles, one of thein*bemg right angles u the vertical plane 
and one inch above the horizontal phne, and the other ini link'd at 
an aifgle of 30’ to th^ latter. • ' • * 

51 Find the shadow in plan and elevation cast bv a cuhe of 
2 inches side, parallel with, and 3 inches distant from, the vettical 
plane, th" cube being placed H*enly upon a light squire prism* of 
one mch side and^ inches height, standing dwgonal wise upon the 
hor zontal plane. Light at conventional angle # 

52 Draw a rectangular figure with an area of 45 square inches 
and s»ate to what si ale it should be me-vurid to give an are,a of 
2r^'quare feet, diaw the scale 

• 53? Draw three hexagons of l ’i inch $ule in mutual coptact and • 
construct by graphr means*a square of half their < mnbmed area. 

54 A square disc ot 1 , (2 ". side rests upon a plane wh**e 
vertical and hor zontal traces make angles of 20 and 50' respectively 
with the gr<uft<4 line and lies in such a position that one nf*its points 
touches thrrground plane and one of ns diagonals is paialM with 
the horizontal trace Draw the plan an if elevation of the disc 

55. A thyp plate 2*x 1" poised in the position‘indicated below 

is set in motion tlm^igh space in the # fallowmfc manner : — • 

It first moves vertically to the ex'eo' <>f 2 ", and is«tbf#i tilted on 
its right edge through an angle ofqf’ aqd Travels horizontally to the 
left for a distance of 2 inches. Supposing the spafe thus cut through 
to fotm a solid, draw ^s form and tbe shadow cast hv it on the verti¬ 
cal and*hori7 yital piane> by # ligliftfall^g T» the conventual angle # 

56. A c*one, whrjse flight is 3 inches and base 1 '* tpcbws iti 

diameter, is supposed to*be lying on its*side^with its axis parallel to 
the’Verticahplanr It is Intervened on the side towards tje spectator 
bv a pl.Tfce, (Arall^l to the vesical plane and inclined at an # arrgle of 
75*10 the horizontal plane. The pani*»r# removed n speh tdiat a* 
segmtfit of the base 6f the con^ is cm off whose ver>*r1 sine is a third 
of the dnmeter. Hraw the plan elevanoq of tie cahe after 
intersection. , ^ „ 

» 57. # Project the shadowy cast A the conventional angle of 45’ 

00 the vertifal and horizontal planes bv two <q<ft»re prisms* (I* side* 
•nd 3 inches height «*«V of which stands on end, sqqare with the 
vertical plane, and one Inch djsant from it, and*the otheg i* laid flat 
6n orifc of its side#, .touching the dormf# prism and with its axis 



Quastfovs, 


*W t 

tnclioedto the vertical plane at angle of in such amanner thy 
the end ifear to-that plane i< turned to the righrand is half an inch 
assay from it. *' < 

58. Wbat briefly,are the object'and advantages of th/l3ometr ic 
metfrod of projection ? Explain ( the isometric scale. 

cq. Fouf equal spheres of 1 % inch diameter, each touching 
the taker three and thus forming a pile, Vest on the grognd plane in 
Such a way that Ann of the lines which 'join the centres of the three 
spheres in contact with the ground is at right angles to the vertical 
1 plane. Obtain the plan and elevation. 

6 &. The given figure represents a right cone, whose heig ht is 
3?, intersected by an upright hexagonal prism of X’ sides. Suppo¬ 
sing the prism to be removed, draw the elevation of the cone. 

• < 



61. Conitruct a diagonal .scale of 1% inches to the mile to 
show milrf, furiopgs and chains ‘and mark on it a length of 2 miles, 

3 furlongs, 2 chains. What ij the representative fraction fl( this 
scale? . 

62 In an equilateral triangle whose sidy is 3 inthes draw three 
tonal droits, each circle V> touch the tgher two as well as two sides 
oiibe triangle. < „ 

5 j,. X hexagonal prism 4' long, side, stands with one edge 
ol-tm base on the H. P.ilnd has its axis inclined at 6o* to the If. P. * 
and 30*20 the V. P. Draw its plan^jnd elevation. *. , • 

<(4. A cone ^lwga with ,s pane of 4 inches diameter is cut by a 
plane patting througblfre centre of its height and makilig an angle 
of jo.” with the plane of its ban ; project the lection on the plane of 
(ts Base and dete n e h se the true form of the eeeqion., , ' 

65. A Km 2 inches long has its loyer hod 1* above the H.<P. 
and s'frwm the V.'P. it is mcbeed 45® to the H. P. and 30* to the 
V. P. Determine its hol ront# and vertical traces. * 




B.E, L.E, QUESTIONS. . W 

66 . ' AssSate any two^ines as the horizontal ancfvertical traces 
a plane anrfr show how*to determine the true inclination of the 

ibove, to the two planes of projecting. 

67. Pind the vertical and horizontal traces of a plane tangenti¬ 

al to a gi'An sphere the point oT contact to be any point in the 
lower half of the spheae. • • • • 

68. A right cone whose base is \ )' t inches in diameter and height 

4 iftebcs, res*,s u P on l ^ c hori^ntal plane so that bojh its base and* 
apex touch -the horizontal ant vertital planes. The*cone is made40 
rotate on its axis in the directory away from the vertical plane yid 
one complete revolution is effected. Draw the plan and elevation of 
she cone in its original and subsequent positions, * 

69. A glass inkstand in th^ form of a square pyramid 4" highr 



has a base of 2*£ inches sides, of which 
one makes an angle in# plan of 30° with 
the ground line. At a height of 2% 
inches above the horizontal plane t{ie 
pyramid is divided so as to form a hinged 
lid to the inkstand. Draw its plan and 
elgvation assomidtf the lid to be dpened 
to angle of 45” in the direction most, 
divergent from the vertical plane. 

70. Draw plan and elevatioq, to a 
scale of of the group of objects shown 
roughly in the marginal figures. Also 
draw the sectioli on the line AH. 

71. Two semicircular vaults intersect, 
m CD. they, are equally wide. Draw the 
intrados reluitim? from a section taken all 
ongjthe lin$ KF(i. £D isonefourth of CD 


/ 
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H.E. AND L.Bj ^UERTtONS. 


72 . Three spheres- of i", 2", and 3" djpmeter, respectively rest, 

on a horizontal plane, touching one another. 0|iw a rbll size plaff, 
showing by dotted lines, the invisible from above and showing 

alit) their points of contact. # • 

73. A cene of bJtse Iff! dia. 2" and height 3" lies nn^the hori¬ 

zontal plane, with its ax* nuclei to the V. P* It is cut by a hori¬ 
zontal plane above the H. P. Draw plan of the parabolic section 
lowing clearly by piojection the methocTof obtaining it., *•«' 

• 74. ABC is a semicircular l«finma of radius 7 inches ^hich rests 



vertically with its bifse AC 
m a horizontal plane. A 
string of 22 inches has one 
end fixed at C and is coiled 
round^the arc so that the 
other extremity is at A. 
Thehceend A is revolvd* 
m the vertical plane of the 


lamina sons to keep the string always taut Trace out the curve 
described by A until it reaches the him/ »nt*d plane again • • • 

75- Take three points A. 15 , C m*a stiaigbt line. AU=»l^iq, 
iJCs«.2in. U between A and C Yftuwa rectangle, the sides of 
which are in the ratio 2 : 3 vertex at 1>, and *uvo sides passing 
respectively through A and C Draw another reyang le of double 
the area circumscribing it and leaving equal SfAces between, all 
round. * % * 


76. Draw* in isometnc the dial of a flock of 5' diameter, half 
full size with the Rem in ^umbers. Draw the !*>ur and minute 
hands showing 10 miuut*< pas-fed 9 o'clock. The dial is horizontal. 

, 77. Determine tb% shadc*v^ ca>t upon the interior of a hollow 

cylinder fri section through axis by a circular piston fitted into it 
wBicJh is hot in section. The ^hnder is vertical , 

, 78. *l)raw a sector#t>f ,a cti le ^ raclms containing,an angle 

• of 120. Bisect foe two sides* and the arc, and fofm a triangle by 
joining the three points# This* sccto^'is the development of the 
,surface of a cone ifhd the triangle, lines on its surface Petymme 
the plan Itod elevation of the cone with the lines »Iy*n # it rests with 
its.bas*e on the ground.|i 4 • 

> 79. A cylindrical pip^ turning! at an angle of #170 ais to be 

formld olt of a sheet of measuring fft. hv 9* inches, the 

arms of the pipe to* breach * a foot long. Dpw the elevation of the 
pipe,when it rests on Hie gqpund on one end with the other arm at 
45 0 with tfie V.P. • Draw alio the development of the surface 0/ o#c- 
arm, scale f * * 

80. *Draw*ihe plan of a portion ^ ft square of a door made 
up of hexagonal tiles of f inchys srdes. Scale ft. « « 



11. E. A?Ib L.E. QyKSTIONS. 


\ / 

--- -- — e i 75 •'<?• diameter touches both planes of 

projection. Determine the traces of a plane touch qig t the "phere 
and inclined 6o‘ and 45 0 to the »$oriz mtal and vertical planes 
respectively # • 

82. A cylindrical chimney 18" diameter % to be* fitted to a 
sloped roof of «a $mfth's shop. The # r*s^ the roof^s Uihofffic 
44jan. Draw the hole in the joof for the chimney. 

** F. f. 188^ to 191a • * 

1. From a point near the extremity of a given line erect a 

perpendicular. Drop a perpendicular upon a given line front a 
point which is nearly over the extremity of the line. • 

2. Cut off the corners of a given square so as to form a. 
regular octagon, without the use 01 a protractor. 

3. Construct a rectangle one side of which is ij" and tfte 
jj4gonal 4". 


4. Draw the plan and elevation of a truncated hexagonal 
right pyramid with the following conditions. Base, a regular 
hfcxajjon, ^ach side of which is t‘, . Two sides of the base are 
inclined at an angle of 15 to the ground line; Height of pyramid 
3 ’. The truncating plflne is inclined at 45" with the horizontal and 
is perpendicular to *hc vertical plane, and cuts the pyramid at 2" 
up from the base. One elevation is requited showing the appearance 
of the solid as viewed in a direction parallel to the ground lirie and 
another of the %olid as viewed at right anglej to the ground line. 

5. A hexagonal obelisk in the centre of a flight of steps, the 
bottom, middle and top stops are r^pectively 4", 3" Und 2 square 
and each )>' higft. 'Hie obelisk is a tight hexagonal truncated 
pyramid, each side of the bottom is l* and each of the t^p is 

The height of the truncated portion, is 5" fcsm the base. Draw „ 
isometrically. ' • * * 

6. From points in a straight line amd without using a protractor 

set off angles of ^ , 30 ana 2o # . * ** •* g 

7. Draw a* square • which shall* Have an area equal te the * 
difference in areapt two givenfequares. 

8. # Givcn% square of 3 inches side, construct a rectangle of • 

equal area, one of its sides being* inches. ^ • 

9. DfaW' die horizontal and. vertical projections of a sfraigfit 

line 3 inches in length wjen , , ; • • 

(1) it i#parallel to,both planes of projection j 
f a (2) it 9 perpendicular to the horizontal and parallel to«the 
vsftical pl^pc » # • • • 

• (3) it is'inclined *45,* ito the horizontal plage and in a plane 
perjpndicglar to both boriiontal and vertical g^tocs j • 



r.E.,yuESTioJfs 


*4# 

• 

(4^ it is inclined 26° to the horizontal plane aifa in a plane 
••inpliqpd 30° to the horizontal and perpendicular to tfie 
* vertical plane. #• # 

10. On a scale of .75^ Tnch t<* a foot draw the h094frnt.1l and 

vertical projections of an octagonal column ^ feet high and 1 foot 
wiath of face, standing qp a* square pedestal 0^ 8 feet side and 1 
foot deep, one of the faces of the column being inclined 2o } to the 
vertical plane. # • *'*' 

11. A plane inclined 45“ to ?he horizontal plane cuts the top of 
the ■column in question No. to, sh 0 w the section in both horizontal 
and vertical planes. 


12. Make an isometric drawing of the column in question 10 
and cut by the plane as in question ti. 

13. Draw a*scale of 3 inches to a inifc to read multiples 0^ 

10 yds. • t 

14. In the middle of a square of 2 inches side construct geo- " 

metrically another square which shall contain one-third of the area 
of the original square* • • f 

15: A square prisiH having a base of 1 inch side, and a height 
of 2 inches is made to balance opsone of*its points, and thus 
^wung round till the plane of its axis makes ati angle of4J u with 
the ground line. Diaw its elevation in the position. * 

% l6. Two egg shaped sewers meet at an angle of 120 , draw 
their intersection.* ^ • 

17. Elevation plan Draw the brick pillar 

detailed in the mar¬ 
ginal fig. in isometric 
projection. 



rG. What do you understand b'jtthe terms •— m 

• Rhomboid, Trapezium, Prism, Tetrahedron, Orthographic projec¬ 
tion, Development, Helix,^races of planes. * * 

19. A straight wire*2 tfntfies in length is bent«at its centre 
into a right angle, <raw jts projections V*n the horizontal and 
vertfeal planes wjiey one arm is inclined 30° to the horir. »nial plwtf 
and the Other is in any plane not parallel to t^e vefticfPplane. 

20. Draw^t^ie projections o( a ctibc standing’on one of its 

angles one face being iimlined^* to the horizontal plane. • * 





F.E. QUESTIONS. 


«40 


21. Project on the horizontal .and vertical planes the figure 
Of a square prism oftt inches sides aud 4 inches length intersected 

' bv a righj cylinder of 1 inch diameter, the axis of prism and 
cylinder intersecting at right angles. • 

22. What do yo^ understand by the'term 'isometrfc Projection. 

Draw the Isomeirtg Scale. •• #-• % 9 

Draw lhe isometric projection of a box without a ii^ 
shewing 11^ interior, the invis^le lin^s to be dotted. • 

24 # Without the aid of a protractor constmct on separate bases 
of 3 inches in length the following figures t— Square, Rhombus , 
with angle of 60 , and Isosceles triangle with angle at base 75".* 


25 Construct a square equal in area to the Isosceles triangle 
in question 24 * 

2<S. Construct a rfctangle of which two opposite sides should 
>^2' 2 inches in length and equal in area to a Square of 2 inches 
side. , 


27 Make a scale of knot comparative to a scale of 1 
iflile£=i \#ich. 1 knot=i.j5 miles. 

2$. Draw the IjoruontjJ and vertical* projections of‘a line 
I *2 inches in length #• 

(t) when it is parallel to the- horizontal and perpendicular to 
the vertical plane ; • 

(2) whea it is inclined at an angle of 45° to bqth planes. 0 

(3) when it is inclined 45 0 to the vertical plane and its 

horizontal projection is inclined 35' to the trace of tht 0 
two planes. f t • * ♦ 


29. Draw the horizontal and vertical jgpjectionft oP a right 

pyramid with a hexagonal base of inch side tyd height of 3 
inches t/tsiing on one of the sides jf the base, the bate being 
inclined 75“ to the horizontal plant, afid the horizontal projection 
of the axislnclined 30* to the vertical pjgite. , 

30. Develop the surfa’qg of a Jjyratmi of the dimension*given 

in question 2% * * # 

m 3L Dtaw the ♦sometrica^projection ota hexagonal rfjlumn 
4 inches ig height and inch side of hexagon.* The (gure^ihotfld 
be drawn to fcometric sjale w|jichVnustJ)e«constructed. j , 

32. ThF distance ^between Calcutta andj ftooghly which is 
known to be 26 miles Measures nine urthes on a map. Construct 
Iscale for to r^ad miles, furlongs and cbaias. • • 

•33. Draw* a pentx%<m # of two inches side and reduce it 
geometrically to a square 01 equal area. * \ * • • 



V.t, QUESTIONS. 


34 A triangle, the plan of whichl tbrms an equilateral figure”, 
has its three ptints io, 14 and 21 units above the horizontal plarfe 
agd its longest side which mftisures 20 units parallel with the 
vertical plane. Draw the • vertical projection and the real 
form of this Irian gle,‘as sunflng each unit of measurement equivalent 

W’ . •. • • 

y *35. Why are scales used by Engineers and Architects ? 
ao you understand by the ternjs “diagonal scale 1 *, “\fernier kale", 
add “isometric scale 1 ? Hy what expressions are the scales r ’ s> 

•Jf, ivoo ordinarily alluded to ? • * 

, 36. In the middle of a square of 3 inches side draw a parallel 

square of 4^ square inches area. 

37. Draw the plan of a port Ton 4 feet square of a floor made 
up of hexagonal tfles of 4 inches sides Scale*me inch -one foot. 

38. Set uo an elevation of the tiling referred to in question 
supposing the fbor tp be sloping towards you at an anxle of 30? 

39. Draw a diagonal scale of 0 , . 1 to read feet and inches. 

For what purposcyare the following stales ordinarily i^ed^;— 

(a) Half an inch to the foot 4 * " 

► (b ) One sixteenth of an inch to the foot* 

(c) Fifty feet to the inch. * 

* ( if) Eight miles to the inch. f * * 

% Give their representative fractions. 

40. Drayv a squaie of aV* side and describe about it an 

octagon without using a circle. • % 

41. A cylinder of»2'< inches diameter,* standing erect on one 
of its e*ds,Jis intersected by two planes at right angles to each 
other an 4 to \hjs vertical* plane, the line of intersection of the two 
cutting planes toeing 3 inches above the horizontal piane and an 
inch froip the axis of the cylWideR, and e ot the two planes being 
inclined at an angle cT 6c\° r trf the. horizontal pjane. 'Draw the 
plan $nd elevation of the Cylinder assuming the poriion above the 
cutting planes to be removed,‘and give the true shape of the top 
of the cylinder after its intersection. 

4a. On a map a distance know to be iq miles measures 2 ft*. % 
Construct y diagonal J scale to read miles and furlongs, at/d long * 
eno.ugh tp take off 15 milgf. jf ' ' 

43. Construct an iro&geilar peniagoh ABCDp from the 

following data. Sidjf AB=*2^', BCa*! 7 $", CD—2", DE=si 4 " 

Diagonal AD*3". Angles 120°, CDE» 112 0 50'. . 

44. Aright hexagonal prism of 1J?" hides' an 3 2height, 
stands on end »vi A one of its . sides pijrkllel to and 1* distant from 
the vertical plane. F*»d thp shadow cast by it on bcth plrnes 



*.E. QUESTIONS. * 0 l$i 

'from a lumin^tis point plar<|i above the horizontal and t* from 
fne vertical plane#and six feet distant from the ^eis of. sire plane. 

45 -* Construct an ellipse majofaxis 3*4'*, minor axis 2 %*, # 

46. pyramid 2*4:' high* stamfs.on a, square base of 
inch side, one of the sides being.inclined at an angfl of 30“ ttyhe 
ground line and* the nearest point l>e?n£ i*from thesvertical plane. 

•■^W^pyramid is intersected $>y a plane which cuts through its, a.ui 
at a pointer•j*’ high. This jjJane is # inclined at an aggie of fa? to tire 
horizontal plane and 90 to the vertical plane Show the section in 
plan afld elevation, and draw its true shape. , ‘ 

47. Draw the scale whose representative fraction is*,*;, so’ 

that any measurement from an inch to twelve feet may Se 
read off it. • • 

48. Three suni^r right cones, two inche# high, resting on 
thc\r bases which are one and a half inch in ^diameter, are svm- 

■^tetrically placed so as to be half an inch distint from one another 
at their nearest points, and so that two ofcthem are close to and 
equidistant fiotn the vertical plane. A sphere of two inches diameter 
•is dropped in between the three cones until it comes to a position 
of r^t. Draw the plan and elevation of ihe*group. 

49. Draw the shadow ^rvist by light falling at the conventional 
angle in a semigftcular niche two inches wide and four inch A 
high, the top e^the niche being round and the lower part llat k 

50. Construct a diagonal scale 6 inches long for a Ucpjpsen* 
tative Fraction of * so as to measure feej/and inches. 


51. A tetrahedron^ edges 2 inches long stands with qp0 

edge ctfrus base^esting on the hotiJonul planes and at an inclination 
of 6o J to the vertid&I plane from Vvhich# its nearest point is one 
inch distant. The surface of the b^se, wh^J) is tur/ftd Wlwards the B 
spectator makes angle of 30° with th# hoyzontgL plawe. Draw* 
the horizontal and vertical projections. / . 0 

52. # I)raw a squart of IS i^ch side f |hen construct a>rhomboid 

an isoseeles jangle, and a\ight aprfed triangle,«ach e’qual m are# 
to the square. • • f • a 

*3- Tvyj honvergint; ones meet at a prrtht beyond your table, 
find by construction the line bjsectmg the angle between tffem. “ 
S 4 . On a base of t >£' construct a regulkr pentagon. * , 

" * Sti 9 * the horizontal Vnd vertical projection of a line 1 
na when * * 

(a) it is paralle^to the horizontal pla»e and inclined at 30° 
to the vertical plane. * . 

(<*) itet inflinqj at 50* to the H.l'. and 3 b*ae the V.P* 


qji*e 


56. Construct.to show yards and feet, the Represen- 
e Inaction being T \. • * • • 



F.E. QUESflON^. 


57 ^ A rectangular prism 3 inches! Km? having^ a base i ,<4 
inches square .rests with one edge of its base in the H P. and has 
its axis inclined at 30“ to ihee'rl P. The edge on which it rests is 
inclined at 20’ to the V.P. Draw itp projection on the twg^olanes. 

58. A eube 1" ‘side stands on the H.IJ one face being in¬ 
clined at 30° to the V.P' iDraW its shadow. . 

^ 59, On a map a distance which* is known to be 935^-T-x 

measures 4 ,*< inches. Draw the scale so as to react fhains and 
tenth of chains. 

. '60. Three smooth solid spheres, measuring 4, 2, 1 inches in 

tjiameter, rest on a plane so that each is in coniact with the other 
two. Draw the plan. 

61, Draw the true shape of 'section along the inclined line of 
ELE VATION , the solid figure roughly illustrated jn 
t!T 111 the margin. 



AXLE 

- 

2 “ ‘ 



r 62- A chord cd 
tarrying a small 
1 weigjitd is fastened 
toitiie rim of an ec- 
’ centric wheel at c. 
This wheel is given 
half a revolution in 
the* right dittCtion ; 
draw the curve 
which the point d 
will make. 


63.- Construct a regular hexagtJh of 8 sqiJftre inches are^and 
project ks pi^i and elevation when lving on a plane whjpe t^ces are 
k parallpl to^ the gronnd lirw and we clistant,, from it ‘4' in the 
horizontal and 3*'in ihe vertic^ plane. 0 

t0 e 

dp. A circular ring, witha rectangular section of X inch width 
and ji inch thickuess and with a diameter jovcrpll at 4 inches is 
dropped over the apex of a right hexagonal 'pyramid .of 4 inches 
height, wjf.h a barn of 2 # sides, in sucB * manner as to sit evenly 
on it. Draw the elevation* „ 






F.If. QUESTIONS. 

r ~ , ° 5 « '-.oqsiruct an eq^lateral <riangle having au «.ea of 4 sqr 
^faches. t # # # 

66* «A regular hexagonal pyfamid of 1 \i inches side and 3. 
inches q^tical height is turned«over fo as to rest on one of its sides 
with the plan ofits^xis inclined at an*angle* of 45 0 *> the vertical 
plane. A slice ^removed from thenjpp#r •portion the pyrrffftid 
^j^neans of a hoiizontalxut made at a level oft inch above the 
grofhid plaee. Draw the plan and elevation of the lower pbrtidl 
left. * * • * 


Draw the scale of whfch is the representative fraction 
so that yards and feet can be read. 

68. A true pyramid which has a hexagonal base of Iinch 
side and is 4 inches high rests on a table and is titled on one of its 
sides until it just ba^nces after which it is turned so that the plane 
of its axis is inclined at 45 to the vertical plane. ^Draw its plan and 
Tlevation. 


69. Two semi-cylmdrical vaults 12 ft.*and 10 ft. diameter 
^resoei tivelv, spring Irom the same horizontal level, and meet* at 

an angltpot 30 . Draw i^e plan and show the method of obtaining 
thetfcurve of intersection. . 

70. A sphere^of 2" diameter rests on the ground with its cent^ 

C, 1)2 inches Irum the vertical plane, Determine a sphere 1 ^' 
diameter to fl^ich the given one at a point 1* whose plan p is 2,!*" 
from the ground Ane and V to the light of c. f 

71. Construct a scale of 23 ft.*i' -fo show* poles, yards and 

diagonally feet. % • 

yTT The vertical ctoss section through* the apex of a»right 
circular cone is an equilateral triangle, efcch side of which is 2 
inches. A fly staits from the point ^n the fea*?* on tlfe extreme left, 
walking round the surface of the cone *o a T)oin%in th^right side 
7 tnclws below the vertex. Find geometrically tire length of the 
shortest gath the fly can Hike. So|le # • 

73. Draw*the lipes of interpenetration of* a sphere and £ 
cylinder inclined to the grqund at 30*; tire centre of the splflere lies 
V 2 are inch ^ortzontally without the axis of th^cylinder and behind 
it. Dia. of cylinder — t % inches. * @ 

H Determine* the tangent plane touting a sphere r/2" dia* 
meter at*a'p«*nt p on the lower ^ide of the horizontal ldiameter and 
on the right of the vertical diameter. t , • • 

• * 1 . * 

75. When an objlrt is said to bet^awn’to scale > What scalei 
•at used tor plans of buildings and what for the plans of sites of 
buildings? •* • <y 

Draw a diagonal scale erf timf mWi adopted, to the nation of a 
(hap which aaila at the rate of 5 knots an^hour. A knot-60867 ft. 

• f 9 1 



F.R. qUBSttON^ 

mark on this scale a length ^op-espcf tjing to 2 fc^urs and 3v » 

minutely • 

A 76. Explain and illustrate by a diagram the principle of 
isometric projection and draw frojn it the isometric sca|e 4 ft,** I - 
What is the^ ratio 0/ redaction of the scale to the natural scale / 
What is a roirjpr scale at d^vbe.e used ? * t 

27 * A given line AB*2# inches !<yig moves with one end K- • 
ota the circumfe/ence of a given circle of 1" radius, centre CTand 
the other etui A on a straight line passing through C.'* Find the 
locus of a point P in AB such tnat AP» \'/z inches. ' 

7^, Give the traces of a plane inclined to both horizontal and 
vertical planes and the projections of a point above it. Show the 
projections of the perpendicular frcyn the point to the plane, and 
mark the point of contact. # 

79. Draw the plan and elevation of an equilateral tnanglc.2 
inches sides, one of them being at right angles to the vertical planffp> 
and the other inclined at an angle of 30 to the lattet. 

80. The distance between Calcutta and Naihatee. which if 
known to be 26 miles, .measures 9 inches oil a map. Construct a 
S^ale for this map, to read miles, furlongs and chains. 

81. A sphere of 3 inches diameter is penetrated by a cone of 
base 3" diameter and axis 4 inches long. The centre of the sphere 
is at the middle point of the axis of the cone. Dj , »*ft ? the curve of 
interpenetration when the cone is horizontal. 

82. Three equal soli^spheres of diameter 1 are so placed 
the ground ^hat each sphere touches t^e other two. Another of 

the same diameter is placed *on tfie top touching all of thentf -Draw 
the plan and elevation of'the gfoup. 

1 83. 'thscnbe a>lT**bolic cur,ve in a square whose area is equal 

o an eqtf lateral triafigle bf side 5* and find geometrically the area 
of‘the pafabolaSo inscribed. „» * 

84. iVglass inkstan^ in the form ofa^yramid inches high 
*has a base 3 inches square.S^he up^er portion ,1c a height of 2 
' inches' above the base is^hinged as a lid. Draw the plan and ele¬ 
vation when the ltd *. set open at an angle of 60 degrees. , 

% I. E. 190^0 1924. ^ 

* u\ Find the true afcgle between the HT and VT of a given*plane 
. and determine the angle thf plane tyms with the horizontal ^hne. 

1 TVe bar«e of a py'-atcid is rectangular measuring 2 x j, 
height of axis 4 inches' The*pyramid is cut, through the middle of 
its height parallel to the b*se. Draw in isifmetric, the frustum oj[ 
the pywrnid wh^-it rests on its smaller end on the igromrd. 

3. Take any two points on the curved afrface ot^a right cqpe, 
base 3 inches djaweter, height of $xis 3 inches.- Show the plan and 
elevation of the shortest^ne which can be drawn between them, * 



• .I.E. QUKST1QHS. 9 JS5 


^ 4- /\ Stance of i) files 3 /urlongs is shoyn on k map by 

► \'/z inches. I)rapr a scale for the map, showing fyrlong #%y dUgO* 
nal d^vi|ion. ^ m 

5. JL hemisphere 2 '4 inches dTameter rests with its flat fac* 
centncauy on the top ot a cube df*2 inches sidfe* It is cut by a 
vertical plane tnch distant from«tl*e ^centre o^the sphertf^nd 

.making an angle of 45 J wuh the V.l\ Draw the sectional elevation 
thKhe two^ohds. * ^ 

6. ^ind the shadow cas^ by a circular cap 3 inches diameter 
on a*verti(.il square shaft 2 itches diagonal, when the two faces of 
the shaft are turned at 30 and 6o° wuh the V.I\ 


<> and O’ are fixed points about which the bars OA. O'B can 



freely revolve. AH is a rmipltog 
bar connecting the free ends of 
OA and O H OA !, AH and 
O'B AH. Draw the com 
plete lotus traced hy the centre 
point of the bar AH. 


8 A spiral # sprin/ axis Vertical is in the form of a square screw 
thread, side of square D", external'diameter on plan 3', pitch 2v 
Diaw the election of one complete turn of the spring. 

(j. On/.if h*of the face of a cube edge stands an equal 
cube. Make an isometric view of thJ solid farmed by the seven ^ 
cubes. % • 

•ftT Draw* a scale of miles* and, furlongs showing diagonally 
spacer of io yards in which l ‘ 2 furlohgs ecfial!* of an inch. 

11, #A cone is 5 feet high ,a«d has udfmeUh of \ feet at thd 

base. Draw this to a scale of 1 inch tfl th<? foot*imd project the 
surfaces obtained by (nl an oblique svtion cutnng rne opposite sides 
2 f-et fr^m the top and r foot froifc the b(*4otn ( b ) a vettftal sectic^ 
taken 1 foot f*l!m renije line! f 1 *- * 

12. Draw in isometrifal projection, % circular iron ring 4 inches 

in dPimeterganS *4 inch in section. , ^ 

13 A hbllnw evlinder,^ngth 3', outer and inner diameters 
1 l^tand 1' respectively, rests with its axis tiorizonul, and # its pnd* * 
at *an •ngj«if 45 ‘ to the vertical plane. It is cut by a plane parallel, 
to the vertical plane #f projection twelfth the middle $3 the axi*. 
Draw the sectional elevation. * • / * * 

14. The horizontal and vertical trace* of a plane make angle* 
■■Iff 40° ant> 5 Q 0 respectively, with the ground Imp njjnd a poii^ in the • 
plane, one inch*froi^ each plane of projection, and draw a lint 
passing through that ptwnt, iyrng iji the plan«„and inclined at 30 
the V’rizontal plane. \ ' 



15$ « 1.1. QUESTIONS* < 

' I 

15. A ipnerp, 2 inches diameter hai j»s centre rafted 3 inches ** 
above tfe. horizontal plane ; the axis of tne cylinder enveloping tb > 
sphere is inclined 45 0 to the tyrizontal plane. Find the line of 
% Con!act of the two surfaces and the horizontal trace of the cinder. 

16. Reptvdent it/ isomfetfic ‘projection an octahedron of 
incTfts edge reding with i>n% face on the horizontal jjlane. 

^ I?. A hemisphere 1 % inches diameter rests with its curvefjU" 

surface on‘the ground, its flat face bjing horizontal. • It is fur- 
motfnted by a truncated cone, the Sampler of base and top 1 >$ # and 
respectively, and the height 2 incites. Determine the shadow of 
Mw solijj thus formed on the ground. 

18. Draw two lines from a point of the ground line one above it 
at*an angle of 30°, and the other#below it at 45 0 with the 
G. L. Assume the4wo lines to be the HT and^VT of a given plane. 
Find the inclination in degrees of the plane to the two planes of 
projection and the angle of the plane contained by the two traces. ***• 

19. AB and CI> are two semicircular archways intersecting 
eacli other at 6o°. Draw the plan of the intersection of the vaults, , 
assuming that they spring from the same horizontal level. 



. 20. project the** shadow cast by a circular* flsnge dta a 

lorizon^al cylinder. Jg % * 

ftl. • Dra% id isometlic projection a flight of four steps with* 12" 
reads and 6* risers and «n one srae a fc i4* wall with nat horizontal 
op to* higher thAn the t top jt<y£aad projecting on plan 18* beyond 
he bottom step. .• 

A. The traces qf a plane are in one straight line and make 35»*a» 
»ith XT. •Deterfntn the angle which the fdene \nafos with the 
ilanes of projection, and show the true anfilebptween’tbe traces\>f 
he plane * 0 * 



• QUESTIONS. 
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\ pj 

mtatl 


inclined {<* HP and W at 60' and $a # 
given point A which p in fjont of 
and above hT*. • • * 

24 ^ fipw jhe projections of n^e line of intersection of the ti|(p 
es ihflWn in the sketch MakdAH ^ 


X)€t famine 

«*%pectiveltf afnd tnroi 
- jveHP. 


planes * 



25. An octagonal slab, whose thicknes is f, supports a square 
g>yr^mjd (height 2 # , edge of btse i 1 .*') each bottom corner of tne 
pyramid testing on the 1o| cofner of the slab. It is placed on the 
ground in such a. wav thag a diagonal, ofthe base of the pyramid^ 
is parallel to the vertical plane,* and it Is cut by a vertical piaffe 
parallel to the and passing. through the middle of the seconf? 
faces of the prl^ip on the right and left from its nearest ^corner. 
Draw plan and elevation of the portion left. 

26. A hollow semi-cvlmder 2 feei^Iong istnade of zinc^heet 

24' x it*. It is placed horizontally with the diameters of it* c ndi^ 
verti*A» Draw »the elevations shewing, fir>t the convex and secofM^ 
the concave face in front by shade lines. IJtfhf at the conventional 
angle. Scale V- Are the cast shadows, of The|emi-c^li^er in the 
two posirfbns, the same or different j • # \ # * 

27 # Draw the traces of a plane whose intonations to Jhe 
horizontal alN vertical%planes of fRojection are 55° # and* 00* 
respec(i\Aly. ^ % 4T 

28. Draw the trace** of a plane wdiicb shall contain*a giverT 
poin^tod be parallel to a ^ven plane wnose%traces do not meet 
jthe xy line vfltljin the boundaryof the drawing paper. mm 

>29. A spher# of diameter 3$ inches rests # on the •ground t 
Obtain tfro; irojectfon* of its action by an obliqu^plane wftose* 
traces are each inclgied at to th#xy line, tta horizontal trace 
being 1 1 mehes from the plan of the»celt?e ofght sphere.' The plan { 
of the centre of tie sphere is 2 0 from the xy line. 

•w* 30. A solid is made ap of twn cylinders as shown in the figure 

A. Determine Rhe ijhadow cast by this sofid^n th«# (flhnes of 
projection. Also ipalcgtg the part* of the surface of the solid 
ej^ich ^je in shade. • * m * 



ts's f.K,:Qir*STION? 

• © • 

Jl. Draw'll the tyofopfric projection;; the bo* sll»wn*in "fig.*lVj 
Scale half full su\ Isometric stale not in be usai. * ' 

32. . hilf slope is inclined at 30°, the lines oT slope being due' 

Kxst: what is the inclination of » straight road on the ItilT 
g/tes in a direction North F.»S' ? • Pit i 1)$ 

t 33. Determine a plane jnchned to H. I an' .nd 

52 v and to contain a go/en point A which is tj" 11 '*r Ci V.H. 
and j* ajtove H.P. •* f ~ .or 

34. Three places A,B,C on level gjl Mini] are 4 eet apart being 

at tHe corners of an equilateral tncngle. I’l >t *54 point, to a 
scale of 1' to 200'. Vertical borings at A,B,C re*-' ll a mineral se? 
Sodepghs below the surface ofi 370', 220', 166'. Find the “dir it 
ihdination of the strata assuming it to be a plane. Sh' the 
•Viutcrop” of the seam if its plan werdcantinped to the sur f - plane. 

35. Draw a «uhe of 2l' side standing otf a squac '' l ' lnes of 

and f' high and on> top of the cube place a slab ’ ' Iraces ' ^***. 
high and over that another slab circular in t J s intersecting 
diameter. A vertical line contains the cer tf g '*> of the vaults, 
the four pieces forming the cnlumn. Draw 1 e h • ' * 

in isometric projection. Scale t'-t'. • | t * 

36. ' The diagram shows a cylinder rising ' • .erical 

dome. Determine the curve'of int;rft*:tion of t Draw 

to twite the scale of the diagram.' ■ i ** 

37. An embankment is 30 feet high and .(He slopes t to 1 
Show a road leading down from the top .to the lot'onf inclined at 
20* to the H P. 'Is it possible to have a road inclined at 45' to the 
H P. on this embankment ? If so, what is ijs length. 

3g. Find the plan and,elevation of the ppint which is situated 
in each of the planes shown in fig. t. 

39. iV is jtqufted fit a cylindrical steam domi of ditfmeter 3 
teat and Wight V feet bn (he top of a cylindrical boiler shell of 
diameter '5 feel. Draw the ccrve of intersection ofphe dome and 
shell. Axu of shell horizontal, t Axij of dome vertical scale, 1 
u.-i in- .* 

40c' Determine the sftadow cast bia the cross and plinth on the 
H P. and VP. Also the shadow cast by the cross "“on the plinth. 
Tteys of light at conventional angle. Scale foil size. m 

41,seabed represents a black ‘‘board (6'&3') on which an 
MjUtlawral trianglh of ll feet aide is drawn. Draw the -plvn^of the' 
board .and the triangle wh a the ^lan r of th* former is inclined at 
4j* to the vertical rnd th! \mger edges ad, be are horizontal. 
Scale t'-t.' 1 I 

4t. The vertical and horizontal traces of a olane make angles 
of 30“ a<Kt p° respectively with the ground linen Determine angle* 
the plane makes with the planes of projection and also the angle 
between them. 
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*• • 


T* 43 *f*o brinks ( I :>■'■/ s'Xj') are arranged if abcfef in plan 
’•>nJ'a(d^ # (levarioo. Represent bucks in isometric projecupiu 

1 • • b ’ 


•danes 
bewa 
and 


*f" di^neters^their 


e lV s 


Vym. 


"imidffestmg o. 
em. * , . _ 

•d m !>U( n a* 
verucA 


two^ciitlrs of 3' 

' t The»e two circles the plamnf a right cone 

indmg upright on the ground; the heigjjt gf tto 
• ermine the curve of their intersection wi elevation 
when thefUnt. .naming tfc axe$*bf both is inclined at 30° to*the 
vertical plane* •. . 

45 Draw pl£h and election of a circle of ij'diameter 
'ine vertical and inclined to the ve|tical plane .it 45 ' * * 

7 jShow in isoinetrical pie&jection a section of 

**.el girder 12'Xj' carrying steel jnisfc 4'x 1 V spaced 4' 
^ *es flush and secured with lugs aritt bolts, 

’\««tb* l TOembers dissociated, 

2 *.\ fN?s*.'‘6Y to .» laige scale the plan and elevation 

a hexagonal nut strewed on at one 
•Vae ffoii^ontal .plane a?an angle of 45' tvuh th*^ 

*’ to the ver* • * j 4, 

48 ^ co are the 'pUns of three sticks whose lowet 

ends ,1, l\ c ar^S. ; ground and whose upper ends meef at O, 
The height pf O 10 feet from the ground, assuming thcirinrli- 
nations wfth the ground determine the lengths of the three sticks, 
(liven (W»2, bomty and co^y. 

heiif.sphere of 3 .inch # es cUametewrests with its fia* face 
00 the ground. It is Ait by a vertical Vlane*\B at an angle of 30* 
With iheV. I* ind passing \ an in^away ttrmc. Draveg 

its sectifmal election * • • #/ • 

Reqme'it in isometric projeogon the two smrccssiv^couAes 
lanl irf’English ffffnd at fie corner of a .buildiltg. Wall^ 
b full *z$. ^ * 

• • * 

51^ Jt is ^quired 
a cvhfftiric.il 4or 

and boiler and the r|pvelopmtr%£)f the doine.^ 

^ an isoineiric projection of a trestle, ^he top block 

is triangular edges>4' long* ana prrjefJ* 6'' bevond the 4 dfcs at 

each end. The legs^-are square if flction^j" A 3". Vertical height 1 
3 '- 

m * 55, D 7 a# 
lion of a ston* arch 
ellipse. The ja&ints 


50* 

of bricks la 
2 ljf irks tpick. «#>cale 


required to fi a cylindrical stefgp doi^e-rff the top of 
irr. Draw the curve of interpenetration of dome* 


Assume^any suitable inclination for^he !?gs. 


)ra* tq^a sode of one inch to the foot/ th^somefcic projeo 
onqfarch afJpan cf and rite % feet.- The curve is a serai- 
eli»se. The jiints divide the curwe into nine equal^fcrts. The joint* 
ar#norn&l to tfre ellipse and e|ch JfVJon#. Tbf arch- sptfns an 
opening in a brick wall three bricks thMc and the stones forming m§ 




II » ' 

arch ai% «ingl^ stones flush with both faces of |he wa1l.' r ,i'o brick 


^yvork is to be stown. 

^/ 54. DrawVin isorr.etri< 


V L .V 

i projection the joiiV- IbeAween the 
[ pfincipal rafter and tie beafifof a roof 
•trills; the. timblrs separately drawn 
so as to shpw ihe jotnt. The principal 
rafter is 5' x6" and the |ie begr* Is 
9'^x 5". fThe nose of the gift.-r is 8" 
trom the end of the tie bar r The 
tenon^f the rafte^'is 1 f thick. Scale 
I } ftffl size. • 

55. The figure 11 shows the 
plan»of a roof truss with gable ends. 
Scale l"si 10 (f. Copy the diagram 
times the size shown. The roof 
surfaces A and B are inclined at 4<? 


tq,, the horizontal. What is the inclination of the surface C ? Draw 
a projection of the roof on \y. % Set out the true shape and measure 
the area of the surface II H. Find ^the .angle between yhe *oof 
j^rfaces B and C. # % , # 

m 56. A spiral (or helical) stair^se 3 feet wide winds round a 
vertical column (or newal) 3 feet diameter. The ITgight of the stair¬ 
case wtoich makes one complete revolution is 12 nd there are 
20 steps. At the outer edge of the staircase them is a hand rail 
3} feet in height# which i^ttached to the steps bv vertical rods, one 
at the centre nf the outer edge of each step. Draw a plan and 
H*ftvation of the 'lower half of ihe staircase with ^he hand rail and 
vertical rods represented by^iqes. Scale 4 ■** 

57. {^he^ jjK-t^le PRST'fig. 12) is th- plan of a building. 
‘In order obtain ad|r'^e qrea\)f roof surface on the sift* sloping 




owards ‘PT, if "is decided to make the slmr* of the'ioof surface at 
XS—45 0 ?nd slope Of each of the remaining f hree roof surfaces— 
jo.° j)raw the'plan, shewing the position of the hip rafters tnd 
idjfe. Soale to K nyie tinwi Aat ofcthe given .figure. 







